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| NTRODUCTI ON

Di azi non i s an organophosphate insecticide widely used in the
United States. As aresult of this wi despread use, there have been
numer ous exposures and poi soni ngs. Detailed analysis of the
i ncident data identified specific use patterns that are nore likely
to be associated with pesticide poisoning. Depending on the type
of use, risk mtigation nmeasures are recomended to reduce the

associ ated types of poisoning. In addition to acute poisoning,
di azi non and ot her organophosphate insecticides have been reported
to be associated with chronic effects in humans, including

peri pheral neuropathy, chronic neurobehavioral effects, and the
reported developnent of a sensitivity to chemcals previously
tolerated which is associated with a wide variety of synptons.
Evi dence for these effects is al so revi ewed.



The purpose of this docunent is to sunmari ze the case reports,
case series, statistical surveys, and epidem ol ogic studies of
acute and chronic health effects reported to be related to
di azi non. By its nature, such information suffers a nunber of
[imtations including inadequate docunentation of exposure and
effects, reporting biases, and absence of denom nator information

on the population at risk. Where consistent patterns of risk
factors are identified, it is also the purpose of this docunent to
recomend neasures to mtigate those risks. To facilitate the
reader's review the following listing of contents is provided:
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Diazinon is a nmenber of the class of organophosphate (OPs)
i nsecticides. The organophosphate insecticides are anong t he nost
w dely used agents for control of insects in agricultural and
residential settings. Close to 40 organophosphates (OPs) are
currently registered wwth the U S. Environnental Protection Agency
(EPA) and used in the United States with a widely varying range of
acute toxicity.

D azi non and the other OPs poi son humans and insects through
their effects on nerve enzynes (Mirgan 1989). D azinon conbines
chem cally with the acetyl chol i nesterase enzyne and i nactivates it.
This enzyne is essential for control of nerve i npul se transm ssi on.
Loss of acetylcholinesterase allows the accunulation of
acetyl choline, the substance secreted by nerves that activates
muscl es, gl ands, and other nerves (Mdrgan 1989). Accunul ati on of
sufficient |evels of acetylcholine at junctions between nerves and
nmuscl es will cause nuscle contractions or twitching. Accunulation
of acetyl choline at junctions between nerves and glands results in
gl and secretion. And accumul ati on of acetyl choline between nerves



inthe brain will result in sensory and behavi oral disturbances.

The principal signs and synptons of acute diazinon poisoning
are headache, nausea, dizziness, pinpoint pupils, blurred vision,
hypersecretion, tightness in chest, difficulty breathing, mnuscle
weakness or twtching, difficulty walking, vomting, abdom nal
cranpi ng, and di arrhea (Nanba 1971; Wrld Heal th Organi zati on 1986;
M nton and Murray 1988; Karalliedde and Senanayake 1989; Morgan
1989; Gllo and Lawyk 1991). Hypersecretion of glands often
results in profuse sweating and salivation, as well as tearing,
runny nose, and bronchial secretions. Effects to the centra
nervous system may include confusion, anxiety, drowsiness,
depression, difficulty concentrating, slurred speech, poor recall,
insomia, nightmares, enotional lability, or a form of toxic
psychosis resulting in bizarre behavior. In any one poisoning
epi sode, varying conbinations of these synptons may occur at
different times after exposure, varying from a few mnutes to
several hours. The nunber of synptons present also varies
dependi ng on the dose and node of exposure. According to Morgan,
unconsci ousness (coma), incontinence, convul sions, or depression of
respiratory drive are evidence that the poisoning is life-
t hreateni ng (Morgan 1989). Pul nonary edema (fluid in the lungs),
mar ked m osi s (pinpoint pupils) with loss of pupillary reflex, |oss
of refl exes and extrene nuscl e weakness (flaccid paralysis), ataxia
(jerky novenents), slurring or repetitive speech are al so signs of
severe, |ife-threatening poisoning (Nanba et al. 1971; Eskenazi and
Mai zI i sh 1988; M nton and Murray 1988; Gallo and Lawyk 1991).

Poi soni ng due to unrecogni zed dermal absorption (as well as
other routes of exposure) can be easily msdiagnosed, which
suggests that sone individual cases of poisoning are m ssed
(Mdtling et al. 1985; Coye et al. 1986). Table 1 |ists synptons
and signs comonly associated wth acute organophosphate
i nsecticide poisoning. These synptons were selected based on a
review of the literature (Morgan 1989, Mnton and Mirray 1988
Gall o and Lawryk 1991, Nanba et al. 1971).

Table 1. Exanples of synptons and signs that may be reported in
acute organophosphate insecticide poisoning. Note that the
presence of one or nore of these synptons can occur from ot her

di seases and differential diagnosis by a physician is needed.

Presence signifying
Common early or Present in noderate |life-threatening
mld signs/synptons | or severe poisoning |severity




Headache Ti ght ness i n chest Coma
Nausea/ Vom ti ng Difficult breathing | Seizures
Di zzi ness Br adycar di a* | nconti nence
Muscl e weakness Tachycardi a Respiratory arrest
Drowsi ness/ | ethargy | Hypertension Pul nonary edema
Agi t at ed/ anxi ety Hypot ensi on Loss of reflexes
Pal | or/ cyanosi s Fl accid paral ysis
Abdom nal pain
Di arrhea
Anor exi a

Trenor/ At axi a
Fasci cul ati ons*
Lacri mati on*

Heavy salivation*
Prof use sweati ng*
Bronchorr hea*

Bl urred vision

Pi npoi nt pupi | s*
Poor concentration
Conf usi on/ del usi ons
Menory | oss

* Presence of these signs and synptons are considered relatively

specific for organophosphate insecticide poisoning (Mrgan 1989,
O Mal l ey 1992).

1. BACKGROUND

The fol |l ow ng data bases have been consul ted for the poi soni ng
i ncident data on the active ingredient D azinon (PC Code: 057801):

1) Incident Data System (IDS) - reports of incidents fromvarious
sources, including registrants, other federal and state health and
envi ronment al agenci es and i ndi vi dual consuners, submtted to the
O fice of Pesticide Prograns (OPP) since 1992. Reports submtted
to the Incident Data System represent anecdotal reports or
all egations only, unless otherw se stated. Typically no
conclusions can be drawn inplicating the pesticide as a cause of
any of the reported health effects. Nevertheless, sonetinmes with
enough cases and/ or enough docunentation, risk mtigation nmeasures
may be suggest ed.

2) Poison Control Centers - as the result of Data-Call-Ins issued
in 1993, OPP received Poi son Control Center data covering the years
1985 t hrough 1992 for 28 organophosphate and carbamate chem cal s.
Most of the national Poison Control Centers (PCCs) participate in
a national data collection system the Toxi c Exposure Surveill ance
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System whi ch obtains data from about 65 centers at hospitals and
universities. PCCs provide tel ephone consultation for individuals
and heal th care provi ders on suspect ed poi soni ngs, invol ving drugs,
househol d products, pesticides, etc.

3) California Departnent of Food and Agriculture (replaced by the
Department of Pesticide Regulation in 1991) - California has
collected uniform data on suspected pesticide poisonings since
1982. Physicians are required, by statute, to report to their
| ocal health officer all occurrences of illness suspected of being
related to exposure to pesticides. The majority of the incidents
i nvol ve workers. Information on exposure (worker activity), type
of illness (systemc, eye, skin, eye/skin and respiratory),
i kel i hood of a causal relationship, and nunber of days off work
and in the hospital are provided.

4) National Pesticide Tel econmunications Network (NPTN) - NPTNis
atoll-free information service supported by OPP. A ranking of the
top 200 active ingredients for which tel ephone calls were received
during cal endar years 1984-1991, inclusive has been prepared. The
total nunber of calls was tabulated for the categories hunman
incidents, animal incidents, calls for information, and others.

I11. I NC DENT DATA SYSTEM

Pl ease note that the follow ng cases fromthe I DS do not have
docunentation confirmng exposure or health effects unless
ot herwi se not ed. A small nunber of cases reported by United
| ndustries Corporation involving only mnor effects have not been
included in this summary. The data reported fromthese cases did
not include enough information to provide useful information.

| nci dent #244-1

A pesticide incident occurred in 1992, when severa
applicators applied diazinon to |lawns and experienced nausea,
headaches, and hunger pains. The applicators may have al so m xed
the chemcals used for the spraying. After the spraying, one
resi dent experienced difficulty breathing and was hospitalized. An
i nvestigation of these cases suggested the follow ng risk factors:
heat and fatigue, wearing clothing wet with spray, not using gl oves
and boots as required by the | awn care conpany managenent, and the
odor fromsolvents and enulsifiers. None of these cases were seen
by a doctor or had cholinesterase neasurenents taken. No further
information on the disposition of the case was reported.

| nci dent #249-1
Lawsuit with no specific synptons nentioned.

| nci dent #264-1



A pesticide incident occurred in 1985, when a thirty-ni ne year
old man, who was taking a prescription drug Taganet, had his | awn
treated with diazinon two days earlier and |later experienced
cancer, brain damage, peripheral nerve damage, injury to the
central nervous system eyesight damage, profuse rhinorrhea, and
several other synptonms. Though interaction with the drug Tagamnet
was suggested, it was never confirmed. See the literature section
for further discussion on this case.

| nci dent #444- 15
PCO i nhal ed dust during application and not feeling well. No
specific synptons were nenti oned.

| nci dent #512-1

At tenpt ed sui ci de invol ving al cohol and injection of diazinon
inan adult femal e was reported. Synptons and outcone of this case
were not reported.

| nci dent #764- 1

Attenpted suicide reported in a 34 year old mal e who i ngested
about one ounce of product containing 87% di azi non. Nausea and
vomting were reported and the patient recovered with treatnent.
Q her synptons may al so have occurred but were not reported.

| nci dent #771-1

A pesticide incident occurred in 1993, when a wonman was
working in a house that had been treated with di azinon three days
earlier and experienced severe sweati ng, weakness, vision probl ens,
menory | oss, and i ncoordi nation and still experiences the sweati ng,
menory loss, and nuscle control difficulties. No further
information on the disposition of the case was reported.

| nci dent #842-1

A pesticide incident occurred in 1994, when a man was cl eani ng
up a di azi non product that had ruptured and experi enced headaches.
No further information on the disposition of the case was report ed.

| nci dent #844- 38

In 1993, occupants of a court house conpl ai ned of not feeling
well after the attic and grounds surrounding a building were
treated with diazinon. No further information on the disposition
of the case was reported.

| nci dent #850- 1

A pesticide incident occurred in 1989, when diazinon was
applied in a school and a teacher and students experienced
headaches, nausea, difficulty breathing, abdom nal pain, and eye
irritation. The teacher developed nultiple chem cal sensitivity
and is pernmanently disabl ed. No further information on the



di sposition of the case was reported.

| nci dent #859- 1

A summary of container rupture from 1977 t hrough January 1994
listed 334 incidents of which 36 involved reports of health
effects. Nausea, headache, and sore throat were the npbst common
synptons reported. Seven of the <cases had cholinesterase
measur enents taken which were normal. No further information on
t he disposition of these cases was reported.

| nci dent #941- 31

A pesticide incident occurred in 1994, when an individua
experienced dermal itching. No further information on the
di sposition of the case was reported.

| nci dent #941- 42

A pesticide incident occurred in 1994, when an individua
experienced ocular irritation and pain. No further information on
the disposition of the case was reported.

| nci dent #941- 60

A pesticide incident occurred in 1994, when an individua
experienced a dermal rash. No further information on the
di sposition of the case was reported.

| nci dent #941- 68

A pesticide incident occurred in 1994, when an individua
experienced drowsi ness and | ethargy. No further information on the
di sposition of the case was reported.

| nci dent #975- 16

A pesticide incident occurred in 1994, when an individua
experienced ocular irritation and pain and throat irritation. No
further information on the disposition of the case was reported.

| nci dent #975- 19

A pesticide incident occurred in 1994, when an individua
experienced gastrointestinal synptons. No further information on
t he disposition of the case was reported.

| nci dent #975- 26

A pesticide incident occurred in 1994, when an individua
experienced dermal irritation and pain. No further information on
t he disposition of the case was reported.

| nci dent #975- 32

A pesticide incident occurred in 1994, when an individua
experienced ocular irritation and pain. No further information on
t he disposition of the case was reported.
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| nci dent #975- 36

A pesticide incident occurred in 1994, when an individua
experienced a dermal rash. No further information on the
di sposition of the case was reported.

| nci dent #975- 40

A pesticide incident occurred in 1994, when an individua
experienced respiratory synptons. No further information on the
di sposition of the case was reported.

| nci dent #975- 45

A pesticide incident occurred in 1994, when an individua
experienced dermal synptons. No further information on the
di sposition of the case was reported.

| nci dent #975- 46

A pesticide incident occurred in 1994, when an individua
experienced vomting. No further information on the disposition of
the case was report ed.

| nci dent #999- 10

A pesticide incident occurred in 1994, when an individua
experienced itching and fasciculations. No further information on
t he disposition of the case was reported.

| nci dent #999- 18

A pesticide incident occurred in 1994, when an individua
experienced tachycardia. No further information on the disposition
of the case was reported.

| nci dent #999- 23

A pesticide incident occurred in 1994, when an individua
experienced ocular irritation and pain and fasciculations. No
further information on the disposition of the case was reported.

| nci dent #999- 25

A pesticide incident occurred in 1994, when an individua
experienced coughing, choking, and dystonia. No further
information on the disposition of the case was reported.

| nci dent #999- 44

A pesticide incident occurred in 1994, when an individua
experienced fasciculations and respiratory synptonms (not
specified). No further information on the disposition of the case
was report ed.

| nci dent #999- 54
A pesticide incident occurred in 1994, when an individua
experienced nausea, vomting, and fascicul ations. No further



information on the disposition of the case was reported.

| nci dent #999- 56

A pesticide incident occurred in 1994, when an individua
experienced ocular irritation and pain, hallucinations, and
delusions. No further information on the disposition of the case
was report ed.

| nci dent #999- 61

A pesticide incident occurred in 1994, when an individua
experienced a dermal rash. No further information on the
di sposition of the case was reported.

| nci dent #999- 74

A pesticide incident occurred in 1994, when an individua
experienced fasciculations and difficulty breathing. No further
information on the disposition of the case was reported.

| nci dent #999- 93

A pesticide incident occurred in 1994, when an individua
experienced nausea. No further information on the disposition of
the case was report ed.

| nci dent #999- 139

A pesticide incident occurred in 1994, when an individua
experienced drowsi ness, |ethargy, and nuscl e weakness. No further
information on the disposition of the case was reported.

| nci dent #999- 140

A pesticide incident occurred in 1994, when an individua
experienced nausea, drowsiness, and |ethargy. No further
information on the disposition of the case was reported.

| nci dent #1057- 1

A pesticide incident occurred in 1994, when an individua
applied diazinon with a drop spreader and experienced chills,
headaches, weakness, and a swol |l en hand. No further information on
t he disposition of the case was reported.

| nci dent #1125- 8

A pesticide incident occurred in 1994, when an i ndi vi dual, who
was hospitalized for four days, experienced nausea, shortness of
breath, |ightheadedness, nuscle tw tching, stomach pains, and
diarrhea. No further information on the disposition of the case
was report ed.

| nci dent #1258- 1
A pesticide incident occurred in 1984, when a wonman treated
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her lawmn with diazinon using a hand held rotary spreader and
experienced coughing. No further information on the disposition of
the case was report ed.

| nci dent #1259- 1

A pesticide incident occurred in 1994, when a seventy year old
man applied di azi non and three days | ater experienced burning and
puffy eyes, burning lips, and shortness of breath. No further
information on the disposition of the case was reported.

| nci dent #1329- 1

Attenpt ed sui ci de was reported i nvol vi ng i ngesti on of one pint
of an unknown fornul ation. Specific synptons were not nentioned.
No further information on the disposition of the case was report ed.

| nci dent #1358- 1

A total of 62 incidents related to diazinon were reported in
summary formfrom Poi son Control Center data for August 1994. The
majority of cases, 57 or 92% had a m nor outcome, typically wth
dermal or eye irritation or pain, rash, nausea, vonm ting, headache,
or dizziness. Two cases reported noderate effects with simlar
synptons. There were three cases with major or life threatening
effects including tachycardia (all 3), pulnonary edenma (2 cases),
and seizure (2 cases). All three major cases resulted from
i ngestion of products containing 25% diazinon. No further
information on the disposition of the case was reported.

| nci dent #1360- 2

In a lawsuit, the plaintiff experienced severe damage to the
central nervous system He was exposed when ordered to clean up a
m sappl i cation of diazinon that had not been diluted with 50 parts
water per part insecticide concentrate as required by the | abel.
Synptons reported in hospital records included mosis (pinpoint
pupils), nuscle twitching, nuscle weakness, along wth other
unspeci fied synptons. Cholinesterase testing reveal ed bel ow nor mal
| evel s in the bl ood. Chronic problens reported after this incident
i ncluded eye problens, difficulty sleeping, depression, anxiety,
menory probl ens, headaches, nuscle weakness, high bl ood pressure,
and gastrointestinal problens. Expert testinony differed as to
whet her these effects were or were not due to the diazinon
exposure.

| nci dent #1669- 1

Adult male attenpted suicide by drinking 8 ounces of an
unspecified fornmulation. He was treated in a hospital but specific
synptons not nentioned. No further information on the disposition
of the case was reported.

| nci dent #1797-1
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Adult femal e sprayed di azi non on nunerous occasi ons and got it
on her hands w thout washing it off immedi ately. She reported
having difficulty wal king to the point of using a wheel chair, but
has since recovered. She also reports allergies and fibromnyal gi a.
No nedi cal docunentation is provided in this anecdotal report.

| nci dent #1911- 4

A pesticide incident occurred in 1994, when a nman used a spray
can and col | apsed about ten or fifteen mnutes later. Ei ght weeks
| ater he alleged he was unable to engage in normal activities due
to his exposure. No further information on the disposition of the
case was report ed.

| nci dent #2002- 1
A pesticide incident occurred in 1995 when a wonman was
exposed to diazinon that was used to treat anthills that drifted

nearby onto plum trees. The woman ate sone of the pluns and
experienced blurred vision, headaches, vomting, diarrhea, and a
| ow blood potassium |evel. No further information on the

di sposition of the case was reported.

| nci dent #2178- 1

A pesticide incident occurred in 1995, when a woman's office
was sprayed for termtes and experienced nausea, vomting,
abdom nal pain, diarrhea, and headaches. No further information on
t he disposition of the case was reported.

| nci dent #2284- 1

In a lawsuit, the plaintiff experienced nausea, dizziness,
vomting, fevers, sweating, chills, coughing, and slurred speech.
No further information is available on the disposition of this
case.

| nci dent #2323- 1
A pesticide incident occurred in 1995, when fourteen workers

reentered a building that was sprayed over the weekend. The
bui | di ng had been sprayed at 16 tines the reconmended | evel. The
wor ker s experi enced nausea, |ightheadedness, dizziness, dry nouth,

and disorientation. No further information on the disposition of
the case was report ed.

| nci dent #2341- 1

A pesticide incident occurred in 1995  when a wonman
experienced swollen legs and knots on the |egs. No further
information on the disposition of the case was reported.

| nci dent #2342- 2
A pesticide incident occurred in 1995 when a woman and her
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husband experienced dizziness after their law was treated the
previous day wth diazinon. No further information on the
di sposition of the case was reported.

| nci dent #2398- 1

A case series is reported including one male in his 30s
exposed only to diazinon. He reportedly experienced nenory | oss,
headache, dizziness, nausea, and unspecified chest and heart
problenms. No further information on the disposition of the case
was report ed.

| nci dent #2467- 1

A pesticide incident occurred in 1995, when a female in her
early twenties attenpted suicide by ingesting four ounces of
di azi non. She experienced | ethargy, constricted pupils,
tachycardi a, and nausea. No further information on the disposition
of the case was reported.

| nci dent #2512- 8

A pesticide incident occurred in 1995, when a wonman treated
her yard and house for two days using a hand applicator and was
hospitalized for five days. She experienced dizziness, blurred
vi sion, and headaches. Use of safety equi pnent or precautions was
gquestioned by the state investigators. No further information on
the disposition of the case was reported.

| nci dent #2576- 2

A pesticide incident occurred in 1995, when a man attenpted
sui cide by ingesting 25% of a one pint bottle of diazinon and was
hospitalized for three days. He experienced | ethargy and bowel and
bl adder incontinence (considered a life-threatening sign, Morgan
1989). G ven that one pint holds approxi mately 454 granms (assum ng
specific gravity = 1 ng/nL) then this man woul d have i ngested (.25
X 454) 113 grans or a dose of about 405 ng/ kg (assum ng body wei ght
of 70 kg and a 25%fornulation) inthis life-threatening poisoning.
No further information on the disposition of the case was report ed.

| nci dent #2630- 1

A pesticide incident occurred in 1995 when a |andfill
i nspector and anot her individual were exposed to diazinon that was
unl oaded off a sanitation truck. They experienced hives and
blisters on their skin. No further information on the disposition
of the case was reported.

| nci dent #2631- 1

A pesticide incident occurred in 1995, when a man enptied
diazinon into a fertilizer spreader and experienced hives fromhis
neck down to his feet and difficulty breathing. No further
information on the disposition of the case was reported.
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| nci dent #2800- 3

A pesticide incident occurred in 1995 when a boy’'s bed was
i nadvertently sprayed with undiluted diazinon. Specific synptons
were not nentioned. No further information on the disposition of
the case was report ed.

| nci dent #2908- 1

A pesticide incident occurred in 1995, when a truck driver was
exposed to an ei ght ounce package of diazinon that spilled in his
truck. He experienced headaches and nausea. No further
information on the disposition of the case was reported.

| nci dent #2954- 1

A pesticide incident occurred in 1995, when a farner was taken
to the hospital wth severe acute pancreatitis and died five days
later. No further information on the disposition of the case was
reported.

| nci dent #3037- 106

A pesticide incident occurred in 1994, when an individua
attenpted suicide or accidentally ingested one gallon of diazinon
and tral onethrin. This person experienced convulsions and
unconsci ousness. No further information on the disposition of the
case was report ed.

| nci dent #3249- 4
A pesticide incident occurred in 1996, when a si xty-seven year
old man attenpted suicide by ingesting four ounces of diazinon

(formul ati on unknown) and was hospitalized for two days. He
experienced stomach aches, nausea, vomting, flushed feeling, and
| et har gy. Chol i nesterase |evels were depressed. No further

information on the disposition of the case was reported.

| nci dent #3249- 18

A pesticide incident occurred in 1996, when a thirty-ni ne year
old woman attenpted suicide and was hospitalized for ten days.
Specific synptons were not nentioned. No further information on
t he disposition of the case was reported.

| nci dent #3263- 10

A pesticide incident occurred in 1996, when a one nonth old
i nfant was hospitalized for four days after their honme was treated
for cockroaches. The infant experienced |ethargy, vomting,
di arrhea, and foam ng of the nmouth. No further information on the
di sposition of the case was reported.

| nci dent #3263- 15
A pesticide incident occurred in 1996, when a forty-one year
old woman sprayed the exterior of her honme for fleas and
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experienced weakness, rapid heart rate, dizziness, difficulty
br eat hi ng, blurred vision, headaches, and nunbness in the hands and
arms. She was hospitalized for four days. No further information
on the disposition of the case was report ed.

| nci dent #3470- 3
Lawsuit with a variety of vague synptons.

| nci dent #3470- 4
Lawsuit with a variety of vague synptons.

| nci dent #3471- 1

In a lawsuit, a famly alleged they experienced headaches,
nausea, vomting, congestion, and drowsiness. No further
information is avail able of the disposition of this case.

| nci dent #3471- 2
Lawsuit with vague synptons.

| nci dent #3471-4
Lawsuit with vague synptons.

| nci dent #3471-5
Lawsuit with vague synptons.

| nci dent #3471- 6
Lawsuit with vague synptons.

| nci dent #3471-7
Lawsuit with vague synptons.

| nci dent #3471-9
Lawsuit with vague synptons.

| nci dent #3471- 10
Lawsuit with vague synptons.

| nci dent #3480- 2

A pesticide incident occurred in 1996, when twenty-two peopl e
sought nedi cal attention after exposure to di azi non when a buil di ng
was treated with the chemcal. One person experienced facia
tingling and vomting. No further information on the disposition
of the case was reported.

| nci dent #3480- 4

A pesticide incident occurred in 1996, when several hospital
staff experienced dizziness, headaches, and eye irritation. The
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staff experienced the synptons after a patient was brought to the
energency room who was experiencing vomting and had stopped
breathing after an ingestion. No further information on the
di sposition of the case was reported.

| nci dent #3480- 5

A pesticide incident occurred in 1996, when a thirty-seven
year old woman ingested three ounces of diazinon and was
hospitalized for an unknown anmount of days. She experienced
vomting, involuntary urination and defecation (life-threatening
synpt ons, see Morgan 1989), l|acrimation, and confusion. Had this
been 25% di azi non (the formul ati on was not specified), the highest
percent formulation commonly available to the public, she would
have ingested approximately 21.3 granms. Assumng a weight of 60
kg, her dose would have been 355 ng/kg in this life-threatening
poi soning. No further information on the disposition of the case
was report ed.

| nci dent #3480- 12

A pesticide incident occurred in 1995, when a man treated his
house and kept the wi ndows cl osed for the next three to four hours.
The wi ndows were opened for about an hour before he and his famly
reentered the house. Hs thirty-six year old wife, who was five
nont hs pregnant, experi enced nausea, vom ting, headaches, decreased
appetite, decreased energy, and dehydration. She was hospitalized
overni ght and rel eased the next day. No further information on the
di sposition of the case was reported.

| nci dent #3553- 1

In a lawsuit, the plaintiff experienced chest pain, asthm,
breat hi ng problens, headaches, extreme fatigue, nuscle pain,
rashes, and several other synptons. No further information on the
di sposition of the case was reported.

| nci dent #3599- 1

The M nnesota Departnment of Agriculture surveyed state
enf orcenment agencies to determ ne what pesticides were involved in
spray drift. Anmong the thirty-two states responding to the survey,
there was a total of 2,681 cases of drift conplaints. D azinon was
responsi ble for 6 conplaints or | ess than one percent of the total.

| nci dent #3698- 1

A pesticide incident occurred in 1996, when an individua
poured diazinon into a crack in the garage near the air
conditioning wunit. They experienced a burning sensation
di zzi ness, and confusion. No further information on the
di sposition of the case was reported.

| nci dent #3998-1
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A pesticide incident occurred in 1996, when a nan and his wife
spread diazinon in their basenent and left the house for a
vacation. After returning three weeks later, the wi fe experienced
nausea, headaches, and wheezi ng. No further information on the
di sposition of the case was reported.

| nci dent #4104- 1

A pesticide incident occurred in 1992. Three years later a
man contacted EPA and conplained of |ack of concentration,
i ncoordi nati on, depression, nenory and eye problens, and inability
to pick up itens and wal k. He believes these persistent synptons
are due to the initial diazinon exposure. No further information
on the disposition of the case was report ed.

| nci dent #4191- 1

A pesticide incident occurred in 1996, when a wonman
experienced nausea, dizziness, and physical depression after her
lawmn was treated with diazinon. No further information on the
di sposition of the case was reported.

| nci dent #4533- 5

A pesticide incident occurred in 1996, when a man sprayed for
ants in his backyard with diazinon which blew in his face. He
experi enced shortness of breath and devel oped dry heaves. He went
to the hospital and received treatnment for two days. No further
information on the disposition of the case was reported.

| nci dent #4697-

Li sted bel ow are categories of synptons for 48 incidents that
are involved in | awsuits:
Nonspeci fic-5
Acut e poi soni ng-25 (sone had acute effects that persisted)
Chroni c synptons-8
Repr oducti ve- 4
Cancer and precursors-4
Chroni ¢ neurol ogi cal / psychol ogi cal -2
Deat h-1

| nci dent #4869- 2

A pesticide incident occurred in 1996, when several workers
wer e exposed to di azi non, copper hydroxide, and petrol eumoil that
were applied to an adjacent orchard. The workers experienced
headaches, nausea, and voniting. No further information on the
di sposition of the case was reported.

| nci dent #5005- 1
Lawsuit with vague synptons.
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| nci dent #5142-1

A pesticide incident occurred in 1997, when a six year old
girl had her hair washed for head |ice by her nother’s boyfriend
wi th di azinon. She was hospitalized for an unknown anmount of tine
after experiencing a full cardiac and respiratory arrest. No
further information on the disposition of the case was reported.

| nci dent #5895
Li sted bel ow are cat egori es of synptons for 150 i nci dents that
are involved in | awsuits:

Nonspeci fic-13

Acut e poi soning-123 (many with persistent synptons)
Chroni c synptons-12

Repr oducti ve-0

Cancer and precursors-1

Chr oni ¢ neurol ogi cal / psychol ogi cal -1

Deat h-0

| nci dent #6250- 1

A pesticide incident occurred in 1997, when students and
teachers at an el enmentary school conpl ai ned of odor and feeling ill
after diazinon was applied to bushes and shrubbery around the
school. No further information on the disposition of the case was
reported.

| nci dent #6252- 1

A pesticide incident occurred in 1997, when an eighty-five
year old wonman commtted suicide by ingesting diazinon and died
four days later. A brain tunor may have been a contributing factor
in this case. No further information on the disposition of the
case was report ed.

| nci dent #6282- 4

A pesticide incident occurred in 1997, when the owner of a cat
that wore a collar with di azi non experi enced headaches. No further
information on the disposition of the case was reported.

| nci dent #6284- 1

A pesticide incident occurred in 1997, when a woman had her
home treated with di azi non and reentered her house about six hours
| ater. She experienced shortness of breath, nausea, and tingling
i n her hands. No further information on the disposition of the
case was report ed.

As stated before, the mgjority of cases had insufficient
docunent ati on of exposure and effects. Therefore, individually
they do not provide nuch evidence. However, when the overall
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pattern of problens is docunented in other independently collected
data of higher quality, the data can help identify use patterns
amenable to risk mtigation. Anong the problens identified in the

incident data which will be corroborated with other data sources
were chronic neurobehavioral effects (e.g., [1#771-1, 1#1360-2,
| #4104-1), cluster poisonings involving several victins exposed to
residue from an indoor application (e.g., [1#850-1, |#2323-1,

| #3480-2), serious illness due to inproper dilution (e.g., |#1360-
2, 1#2323-1, 1#2800-3), serious illness in hand applicators who
wer e inadequately protected (e.g., |#2512-8), and the potenti al
for dermal exposure to be life-threatening (e.g., [1#5142-1). In
two nearly-fatal cases of ingestion, the volune ingested permts
estimating the potentially l|ethal dose for humans. Pot ent i al
| ethal doses were estimated to be 405 ng/kg (1#2576-2) and 354
mg/ kg (1#3480-5).

V. PO SON CONTROL CENTER DATA - 1985-1992

This section describes Poison Controls Centers operation and
their nationw de system of data collection. The use of a
standardi zed form for data collection, definition of key data
el ements, and quality assurance procedures are outlined.

Starting in 1984 the American Association of Poison Control
Centers (AAPCC) nmade available a conputerized system to coll ect
data on all poi son exposures reported to the Poi son Control Centers
(PCCs) nationwide (Litovitz and Veltri 1985). The system had been
piloted in 1983 (Veltri and Litovitz 1984).

Poi son Centers receive tel ephone calls fromindividuals and
health care providers seeking information on how to manage an
exposure to a poison. Typically the Poison Center itself is run by
a hospital or university. "Poison Centers function primarily to
provi de poi son i nformation, tel ephone managenent and consul tati on,
collect pertinent data, and deliver professional and public



19

i nformati on" (AAPCC 1988). Each center nust have a poison
information specialist available on site at all tines. Witten
operational guidelines nust be used to assure a consi stent approach
to the handling of all poison exposures. Included in the
guidelines nust be provision for followup of each case to
determ ne patient's final disposition or nedical outcone.

The Poison Centers participating in the Toxic Exposure
Surveillance System (fornerly the National Data Coll ection System
conplete a form or conputer record describing each case that
contains standard data elenents and a narrative section
I nformation collected includes the date of call, age and sex of the
victim location of victimat tinme of exposure (e.g., honme, work
pl ace), substance, route of exposure, initial synptom assessnent,
treatnent received (e.g., referred to physician, hospitalized), and
medi cal out cone. Starting in 1993 information about specific
synptons reported was al so collected. Data fromthe formare then
sent to the AAPCC for processing. A conputer record is prepared
and returned to the local centers (AAPCC 1988).

Patients treated at hone or any ot her non-health care site are
classified as "nmanaged on site" (Interpretation of the AAPCC Dat a,

AAPCC 1987). Those seen in a health care facility may be
classified as either treated and rel eased or admtted for nedical
care. "Admtted for nedical care" is used when "the patient is

observed and/or treated and subsequently admtted as an inpatient
primarily to receive nedical care rather than psychiatric
eval uation".

When synpt ons occur they are categorized into m nor, noderate,
or nmajor depending on their severity and whether recovery is
conpl et e. Definitions used by the Poison Control Centers to
categorize nedi cal outcone are given in summary formbel ow (Veltri
et al. 1987).

M nor : M ni mal synptons with no residual disability (e.g., mld
gastroi ntestinal synptons, skinirritation, drowsiness).

Moderate: Synptons are nore pronounced, prolonged, or nore of a
system c nature than mnor synptons with no residual
disability. Usually sone formof treatnent is indicated.
Exanpl es i ncl ude: high fever, di sorientation,
hypotension which rapidly responds to treatnent and
i sol ated brief seizures.

Maj or : Synptons are |ife-threatening or result in residual
disability or disfigurenent. Exanples include patients
who require intubation plus nmechanical ventilation, who
sust ai n repeat ed sei zures, cardi ovascul ar instability, or
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Poi son Centers collect data on each call they receive and
transfer the information to the Toxi c Exposure Surveill ance System
Many poisoning cases seen in energency roons or by private
physi cians do not result in calls to a PCC. A study of all acute
care hospitals in Uah conpared all inpatient and outpatient
records of poisoning with calls to the Poison Center serving Utah
and found that only about one-third of the cases matched (Veltri et
al. 1987). Characteristics of unmatched cases were not studied so
it is not possible to say how PCC cases mght differ fromhospital
cases that do not result in a call to a PCC. Al Poison Centers
supplying data to the Toxic Exposure Surveillance System nust be
certified, which neans that certain quality assurance procedures
for the data collection nust be in place.

Validity of the data collected by different poison centers is
an inportant concern of the Toxic Exposure Surveillance System
Some 65 Centers staffed by five or nore personnel each are
responsible for collection of the information on each case,
properly coding the information and submtting it to the AAPCC
whi ch maintains the national database. Reporting by individua
PCCs is dependent on how well their service is known and
advertised. PCCs nmust neet certain mninmmdata quality standards
in order to participate in the Toxic Exposure Surveillance System
and a variety of quality assurance checks are made when the data
are edited and conputeri zed.

The use of a standard format by different Poison Centers with
standard definitions for each data el enent neans that studies can
be done using two or nore centers (Veltri et al. 1987). The
vol untary nature of the PCC systemneans that not all exposures to
poi sons are reported in any gi ven catchnent area served by the PCC.
The extent of under-reporting is not knowmn. Mre inportantly, it
is not known whether or how reported cases differ from unreported
cases. Thus, any study using PCCs as a source for cases can only
be judged representative of the universe of exposures reported to
PCCs and not the entire universe of all poison exposures. PCC data
is asinple formof a case series and therefore is not appropriate
for conplicated statistical analysis or extrapolation to the
general popul ation. However, given the large proportion of the
U.S. population served by PCCs and the |arge nunber of poison
exposures, factors identified within this selected series are
likely to be helpful for targeting particular types of exposure
situations for risk mtigation.

There is an incentive for individuals and health care
providers to report cases because of the i medi ate servi ce provi ded
inthe formof treatnent recommendati ons avail abl e 24 hours a day,
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365 days a year. Each Poi son Center nust keep records on all cases
handl ed by the Center in a formthat is acceptable as a nedica
record (AAPCC 1988). The standardized form that is used nust
contain all data elenments filled out and sufficient narrative to
permt peer reviewand nedical or legal audit. These fornms nust be
submtted to the AAPCC s Toxi c Exposure Surveillance Systemw thin
deadl i nes and neet quality requirenents as specified in guidance of
t he AAPCC.

To participate in the Toxic Exposure Surveillance System a
PCC nmust be certified. To be certified a PCC nmust fulfill the
followng criteria (AAPCC 1988):
1. Have a board certified physician on-call at all tinmes wth
expertise in nmedical toxicol ogy.
2. Have specialists in poison information who have conpleted a
training programand are certified by the AAPCC (once eligible for
certification).
3. Maintain a conprehensive file of toxicology information sources
and have ready access to a major nedical library.
4. Maintain witten operational guidelines which provide a
consistent approach to evaluation and nmanagenent of toxic
exposures.
5. Have an ongoing quality assurance programincluding regularly
schedul ed conferences, case reviews and audits.
6. Keep records on all cases handled by the Center with data
el ements and sufficient narrative to allow for peer review
7. Submt all case data to the Toxi c Exposure Surveill ance System
nmeet deadlines and quality requirenents and include all required
data el enents. Taken together all these criteria help assure the
quality of the data.

Exam nati on of AAPCC annual reports from 1985 through 1994
found that 13 states had little or no coverage during nost of that
time period (Litovitz et al. 1986-1995). They were Nevada,
&l ahoma, Texas, Arkansas, Mssissippi, Illinois, lowa, North
Carolina, South Carolina, Delaware, Connecticut, Vernont, and
Mai ne. O the 73 reported organophosphate-rel at ed deat hs reported
from 1980 t hrough 1992 (reported above), 44% occurred in these 13
states that | acked coverage by the AAPCC. This suggests that the
nmost serious cases of poisoning may be under-represented in AAPCC
dat a. This problem of wunder-reporting limts the ability to
extrapol ate beyond the areas served by the AAPCC

Over-reporting may al so occur when synptons are reported over
t he phone which cannot be confirmed by a physician or |aboratory
tests for exposure or effects. Though sonme 25% of cases are
referred to the PCC by a physician, the majority involve a phone
call fromthe victimor relative. Poison Specialists nust rely on
their experience and judgnent to determ ne which cases have
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synptons consistent with the toxicology, dose, and timng of the
exposure. \While sonme msclassification can be expected to occur
fromthis approach, it is not expected to be differentially biased
anong pesticides. That is, there is no reason to believe that
Poi son Specialists are likely to m sclassify diazinon nore or |ess
t han ot her pestici des.

Di azinon was one of 28 chemcals for which Poison Contro
Center (PCC) data were requested. The follow ng text and statistics
are taken froman anal ysis of these data; see Decenber 5, 1994 neno
fromJerone Blondell to Joshua First.

The 28 chem cals were ranked using three types of neasures:
(A) nunber and percent occupational and non-occupational adult
exposures reported to PCCs requiring treatnent, hospitalization
di splaying synptons or serious life-threatening effects and (B)
rati os of poi sonings and hospitalization for PCC cases to esti mated
pounds reported in agriculture for pesticides used primarily in
agricul ture.

A Cccupational and Non-occupational Exposure in Adults

As part of a Data-Call-In (procedure requiring pesticide
registrants to generate data or performstudies), registrants for
28 organophosphate and carbamate pesticides obtained 8-year
summaries of the national database maintained by the AAPCC
(Bl ondel | 1994). The 28 pesticides were selected based on the
O fice of Pesticide Program s concern for acute worker poisonings,
especially in agricultural settings. An exam nation of cases
reported to the California Pesticide Illness Surveillance Program
found that PCCs captured only 22% of the occupational cases
reported to the state (Bl ondell 1996).

There were a total of 20,565 diazinon cases in the PCC data
base (see Table 2). O these, 749 cases were occupati onal exposure;
519 (69.3% involved exposure to diazinon alone and 230 (30.7%
i nvol ved exposure to multiple chem cals, including diazinon. There
were a total of 10,079 adult non-occupational exposures; 9060
(89.9% involved this chemcal alone and 1019 (10.1% were
attributed to nultiple chemcals. Wrkers who were indirectly
exposed (not handlers) were often classified as non-occupati onal
cases. Information on children are described in section B. bel ow.
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Tabl e 2. Nunber of exposures to diazinon in occupational, non-
occupational adults, and children (0-5 years) reported to PCCs,
1985- 1992.

|Age/Cbcup. gr oup | si ngl e* m xed* t ot al % m xed

Cccupati onal ** 519 230 749 31%

Adul ts

Non- occupat i onal 9060 1019 10079 10%

Adul ts

Children 0-5 9219 518 9737 5%

years

Tot al " 18798 1767 20565 9%

* Single: cases involving exposure to single products contai ning
di azi non. M xed: cases involving exposure to two or nore
product s.

** (Qccupational cases are those that are a direct result of the
victimbeing on the job or at the workpl ace when exposed.

In this anal ysis, four neasures of hazard were devel oped based
on the Poison Control Center data, as |listed bel ow

1. Percent of all accidental cases that were seen in or referred to
a health care facility (HCF).

2. Percent of these cases (seen in or referred to HCF) that were
admtted for nedical care.

3. Percent of cases reporting synptons based on just those cases
where the nedical outcone could be determ ned.

4. Percent of those cases that had a nmjor nedical outcone which
could be defined as life-threatening or resulting in permanent
di sability.

Health care facility use and hospitalization vary regionally
and are subject to socio-econonmc factors. Therefore, these
measures have drawbacks as neasures of risk. Table 3 bel ow
summarize these data for diazinon exposures involving single
products and conpare these neasures with the nmedian for all 28
i nsecticides. Exposure to diazinon alone or in conbination with
ot her chem cal s was eval uated for each of these categories, giving
a total of 8 neasures. A ranking of the 28 chem cals was done
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based on these neasures with the |owest nunber being the nost
frequently inplicated in adverse effects.

Tabl e 3. Measures of Ri sk From Occupati onal and Non-occupati onal
Exposure to Di azinon Using Poison Control Center Data from 1985-
19922

Cccupati onal Exposure Non- occupati onal Exposure
Percent Seen in HCF
Si ngl e chenmi cal 57.4 (68.2) 30.8 (44.0)
exposur e
Mul ti ple chem cal 59.5 (69.8) 32.2(46.1)
exposur e
Percent Hospitalized
Si ngl e cheni cal 5.7 (12.2) 9.6 (9.9
exposur e
Mul ti ple chem cal 10.8 (14.3) 9.6 (12.6)
exposur e
Percent with Synptons
Si ngl e cheni cal 84.6 (85.8) 71.9 (74.0)
exposur e
Mul ti ple chem cal 87.0 (85.8) 72.9 (75.2)
exposur e
Percent with Life-threateni ng Synptons
Si ngl e cheni cal 0.3° (0.0) 0.2° (0.0)
exposur e
Mul tiple chemical 0. 4°(0.5) 0.2°¢ (0.05)
exposur e

a Extracted fromTables 2, 3, 5 and 6 in Decenber 5, 1994 neno from Jerone Bl ondel
to Joshua First; nunber in parentheses is nedian score for that category.

b The percents calculated here are based on a single case for a single chem ca

exposure and 2 cases for multiple chem cal exposures.

c The percents cal cul ated here are based on 10 to 12 cases.

* Top 25% of chemicals are ranked with a superscript of 1 to 7

Conpared to ot her organophosphate and carbamate i nsecti ci des,
di azi non had average or bel ow average evidence of effects in every
category except percent with life-threatening synptons (Table 3).
For occupational exposure there was only one life-threatening case
i nvol vi ng di azi non singly and two exposures invol ving di azi non and
ot her products. The nunber of cases is too few for conparative
pur poses. For non-occupational exposure, ten |ife-threatening
cases were reported for exposure to diazinon alone and twelve life-
t hr eat eni ng cases were reported which invol ved exposure to di azi non
and ot her products. Based on these nunbers 0.2 percent of the
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di azi non cases (where outcone was known) had life threatening
effects, a figure that ranked just above the nedian value for al
28 organophosphat e and carbanmate insecticides.

The total nunber of non-occupational exposures, synptomatic
cases, and health care referred cases were conpared to the total
nunber of estimated products in U S. hones and the total nunber of
estimated applications for 10 insecticides wdely used in the hone
(Bl ondel I Menorandum Decenber 5, 1994). The ratios for diazinon
was slightly below the nedian in all cases.

B. Exposure in Children

A separate analysis of the nunber of exposures in children
five years of age and under from 1985-1992 was conducted. For
di azinon, there were 9737 incidents; 9219 involved exposure to
di azinon alone and 518 involved other pesticides as well.
Conpared to 14 other organophosphates and carbamates that 25 or
nmore chil dren were exposed to, diazinon cases were as likely to be
seenin a health care facility, require hospitalization, or devel op
synptons. However, the 27 life-threatening cases, or 0.4 percent
of the cases with known outcone represented a two-fold increase
over the nedian value. O the 27 cases, six were known to involve
a di azi non product containing 25 percent active ingredient and one
case was due to a product containing 0.5% active.

Four accidental deaths have been reported by Poison Control
Centers in children due to diazinon since 1983. In 1984 two cases
were reported: one in a four year old and one in a 6-12 year old.
The type of product or route of exposure was not reported for these
cases. In 1992, an 18-nonth-old boy drank an unknown anount of
di azi non concentrate. 1n 1994 a 3-nont h-old was reportedly exposed
to environnental residue froma diazinon ant and roach killer.

The total nunber of chil dhood exposures, synptomatic cases,
and health care referred cases were conpared to the total nunber of
estimated products in U S. hones and the total nunber of estimated
applications for 10 insecticides wdely used in the hone (Bl ondel |
1994a). The ratios for diazinon was slightly above the nedi an when
conpared to nunber of containers in the hone and the sane as or
slightly bel ow t he nedi an when conpared to nunber of applications.

Data on all oral pesticide exposures reported in children
(aged less than 6 years) in 1989 were anal yzed (Blondell 1994b).
Qut of 83 active ingredients used in pesticides, diazinon ranked
34th with a ratio of 58 cases of oral exposure per 1 million
containers reported in hones. The ratio was based on a total of
918 cases of oral exposure in 1989 and an estinmated 15,703,000
di azi non containers in U S. hones in 1990 (Witnore et al. 1992).
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The nedian for all 83 active ingredients was 40 oral exposures per
mllion containers. N ne of the top 10 pesticides ranked by this
ratio were bait formul ati ons which are often readily accessible to
i nfants and young chil dren.

V. CALI FORNI A PESTI Cl DE | LLNESS SURVEI LLANCE SYSTEM

California is the one of only a few states that actively
requires mandatory physician reporting of all occupational
pesticide poisoning incidents (U S. General Accounting Ofice
1993). California is unique in that its system of reporting has
been in place much longer than any of the other states. Long
enough, so that one can go back 20 years to determ ne patterns of
poi soni ng by specific pesticide. Unlike other states, physicians
treati ng worker conpensation cases are not supposed to be paid
unl ess a pesticide poisoning is properly reported. Many cases not
covered by worker's conpensation probably go unreported and sone
types of workers w thout coverage have a disincentive to see a
physi ci an.

The fol |l owi ng excerpt froma publication by Edm st on and Maddy
explains how the California pesticide poisoning reporting system
wor ks (Edm ston and Maddy 1987):

Any physician in California who knows or has reasonabl e cause
to believe that a person is suffering from any disease or
condition caused by a pesticide is required by law to report
such a case via telephone to the local health officer within
24 hrs of the initial exam nation. The health officer is then
required to imedi ately notify the | ocal County Agricultural
Comm ssioner (CAC), and report to the CDFA and California
Department of Health Services via a Pesticide Illness Report
(PIR) within seven days. Once the CAC is notified an
investigation of the incident is initiated to determ ne the
ci rcunst ances of exposure.

A Doctor's First Report of Wrk Injury . . . is sent by
physi cians, as required by Section 6409 of the California
Labor Code, to the D vision of the Labor Statistics (DLS) of
the Departnent of Industrial Relations for any illness or
injury resulting fromcircunstances within the workplace. The
[ physician's reports] are sorted by DLS staff and any case
that m ght be related to pesticides is sent to the CDFA Wr ker
Health and Safety Branch (WH&S). All [physician's reports]
received by WH&S are screened for possible pesticide
i nvol venent; those cases potentially pesticide-related are to
be sent to the appropriate CAC for follow up investigation.
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When the investigations by CAC staff are conplete, they are
sent to the Wrker Health and Safety Branch. An eval uation of
each case is then conpleted as described in the section of
data eval uati on procedures.

The follow ng excerpts, also from Edm ston and Maddy 1987,
de the data eval uation procedures:

Information received from the CAC investigation, t he
physician's report(s), toxicological data and any other
pertinent background i nformation is used in the eval uation of
each incident reported.

The incidents are first evaluated as to the conpl et eness of
the information submtted. Sufficient information is needed
to be able to determ ne the rel ati onshi p between the pesticide
exposure incident and the reported illness or injury.

Cases are classified as to the likelihood of a relationship
bet ween the reported pesticide exposure and the illness/injury
occurrence. This determination is based on all available
information including, but not Ilimted to, information
docunenting exposure, the nedical assessnment, and chem stry
and toxicology of the pesticide(s) involved. Each case is

classified according to the follow ng schene: Definite;
Probabl e--a hi gh degree of circunstantial evidence suggesting
the illness/injury was due to pesticides, but not a definite

rel ati onshi p; Possi bl e--uncertain of circunstantial evidence,
but some |ikelihood exists; Unlikely--very little likelihood
of a relationship exists, but not enough information is
avai | abl e to excl ude sone chance the illness/injury was due to
pesticides; and Unrelated--the incident is determned to be
unrel ated to pesticide exposure.

The type of illness or injury reported is classified as
fol | ows: "System c"--the physician reports signs/synptons
i ndicative of i nt er nal illness such as di gesti ve,

neur onmuscul ar or respiratory systemeffects; [starting in 1989
respiratory synptons distinct from systemc disease were
reported separately] "Eye"--topical injury, such as
conjunctivitis; "Skin"--topical injury, such as a chemca
burn or rash; and "Eye and Skin"--topical injury involving
both the eye and skin.

Il nesses for 1982 through 1995

Det ai | ed descriptions of 860 cases subnmitted tothe California
cide Illness Surveillance Program (1982-1995) were revi ewed.
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In 521 of these cases, diazinon was used al one and was j udged to be
responsible for the health effects. Only cases with a definite,
probabl e, or possible relationship were reviewed. D azinon ranked
5th as a cause of systemc poisoning in California from 1990
t hrough 1994. Table 4 presents the types of illnesses reported by
year. Table 5 gives the total nunber of workers that took tinme off
work as a result of their illness and how many were hospitalized
and for how | ong.

Table 4. Cases Due to Di azi non Exposure in California Reported by
Type of Illness and Year, 1982-1995

Il ness Type

Year Syst em c” Eye Ski n Resp Conb Tot al

I nat

I on°
1982 41 7 - - - 48
1983 40 8 4 - - 52
1984 28 7 3 - - 38
1985 22 5 - - 1 28
1986 39 5 2 - - 46
1987 24 6 2 - - 32
1988 45 6 3 - - 54
1989 23 6 - 2 - 31
1990 57 4 2 4 1 68
1991 15 4 3 1 2 25
1992 15 3 3 2 1 24
1993 19 4 2 - - 25
1994 19 3 1 - - 23
1995 17 4 2 3 1 27
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Il ness Type
Year Syst em c” Eye Ski n Resp Conb Tot al
I nat
i on¢
Tot al 404 72 27 12 6 521

b Category includes cases where skin, eye, or respiratory effects
were al so report ed.

¢ Category includes conbined irritative effects to eye, skin, and
respiratory system

Tabl e 5. Nunber of Persons Disabled (taking time off work) or
Hospitalized for Indicated Nunber of Days After D azi non Exposure
in California, 1982-1995.

Nunmber of Persons Nunmber of Persons
Di sabl ed Hospitalized
One day 55 7
Two days 34 8
3-5 days 28 11
6- 10 days 13
nmore than 10 days 12
Unknown 46 14
A total of 404 persons had systemc illnesses or 77.5% of 521
persons. A total of 72 persons had eye illnesses or 13.8% of 521
persons. Only 5%of the cases involve skin injuries or illnesses.

A report of all hospitalized cases in California for 1982 through
1994 ranked di azinon first as the | eadi ng cause of hospitalization.
However, a third of these cases were attenpted suicides or
hom ci des. Anmong the accidental hospitalized cases nost occurred
anong honmeowners who m sused the product or left it wthin the
reach of very young children. Anong the occupational cases that
were hospitalized there were four applicators, three of whom were
appl ying the product by hand. A variety of worker activities were
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associated with exposure to diazinon as

illustrated

in Table 6

bel ow.

Table 6. 11l nesses by Activity Categories for D azinon Exposure in

California, 1982-1995

o Il ness Category
Activity ] . .
Cat egory Systemi c® Eye [ Skin | Resp [Conbin | Total
ation¢

Appl grou 16 5 - - 24
Appl hand 48 39 3 3 97
Appl ot her 4 - - - - 4
Cl ean/ Fi x - 1 - - -
Coi nci den 17 2 1 - - 20
Driftexp 30 2 1 1 1 35
Enerresp 3 - - 1 - 4
Expot oco 29 3 1 2 1 36
Fl agger - 1 - - - 1
Manuf or m - 1 - - - 1
M x| oad 5 4 1 - - 10
O her 7 - - - - 7
Pack/ Proc - - 1 - - 1
Resifield 2 4 5 - - 11
Resi ot her 1 - - - - 1
Appl non 6 1 - 1 - 8
Resi stru 73 1 3 3 - 80
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Il ness Category
Activity ) ) .
Cat egory Systemi c® Eye | Skin | Resp [Combin | Total
ation®

Driftnon 8 - 1 - 1 10

Nonocch 76 2 1 - - 79

Resi non 3 - - - - 3

O her non 76 6 5 1 - 88

Tot al 404 72 27 12 6 521

Appl grou= ground applicator; Applhand= applicator, hand-held
spray/ dust equi pnent ; Appl non=  non-occupati onal application
exposure; Applother= applicator, other spray/dust application
met hods; Cl ean/ Fi x= cl eani ng and/ or repairing pesti ci de
contam nated equipnent; Coincidental= coincidental; Driftexp=

exposure to pesticide that has drifted from intended targets;
Driftnon= non-occupati onal exposure to drift; Emerresp= energency
response personnel; Expotoco= persons handling pesticide products
bet ween packagi ng and end-use; Fl agger= aircraft flagger; Manuforne
manuf acturing/formul ati on plant workers; M xload= m xer and/or
| oader of pesticide concentrates and dilute pesticides; Nonoccb=

ot her non-occupati onal exposur e; QG her= other occupationa
exposure; O hernon= non-occupational m scellaneous exposure;
Pack/ Proc=  packi ng, pr ocessi ng, or retailing commodities;

Resifield= field worker exposed to residue in the field; Resinon=
non-occupati onal residue exposure; Resiother= worker exposed to
residue neither agricultural nor structural; Resistru= worker
exposed to residue of structural treatnment

b Category includes cases where skin, eye, or respiratory effects
were al so reported

¢ Category includes conbined irritative effects to eye, skin, and
respiratory system

Nearly half of the diazinon exposures reported in California
i nvol ve workers, nostly in agricultural settings. Those who apply
di azinon by hand were at greater risk than any other category,
accounting for 38% of the occupational categories. This is also
t he category responsi ble for over one-half of the adverse effects

to the eyes. Drift exposures and persons handling product in
transport or in warehouses conbined to account for over a quarter
of the remaining occupational cases. Detailed review of the

occupational cases found that |ack of protective equipnent was
involved in at least 19 incidents. Equipnment failure (e.g., hose
breaks) was a factor in at |east 26 cases. And inadequate
precauti ons when cl eani ng or nai ntai ni ng equi pnent were i nvolved in
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at | east 12 cases.

Non- occupati onal categories (the last six categories listedin
Tabl e 6) accounted for just over half of the total cases and 60% of
the system c cases. Thirty percent of the non-occupational cases
resulted fromresidues left fromstructural applications. By far
the majority of these cases occurred when occupants reentered a
structure that had just been sprayed. One of the npbst serious
cases of this type involve 35 peopl e who got sick when a carpet was
inproperly treated. Bystanders were present during the application
and affected in at | east 20 of these cases. There were even a few
cases where the outside of a building was treated and peopl e i nsi de
cl ai mred exposure and illness. Earlier summaries prepared by
California for the years 1975 through 1982 exam ned all pesticide
i1l nesses involving workers exposed to drift or residue indoors
(CDFA 1976-1982). O the 471 systemc illnesses reported during
this six year tine period, 123 (26% were due to diazinon, nore
than for any other pesticide. In 1979, 57 workers were affected in
a single incident when they reentered their offices which had not
been adequately ventil at ed.

Atotal of 18 of the California cases occurred as a result of
suicide attenpts. Not surprisingly, they accounted for a
significant portion of the <cases that were hospitalized.
Accidental ingestions in children or adults, when stored in an
i nproper container, was another inportant source of the nore
serious hospitalized cases.

One particularly serious case in 1992 i nvol ved a five-week-old
baby who becane very ill (vomting, diarrhea, foam ng at the nouth,
pi npoi nt pupils, | abored breathing, crying, irritable) | ess than 24
hours after a unlicensed structural pest control operator treated
counter tops, the ceiling, and other areas in the hone. This case
was confirmed by severe inhibition of the cholinesterase. O her
cases that suggest that very young infants may be in danger from
resi dues of diazinon include two three-week-old twi ns hospitalized
with synptons of rapid, shallow breathing, profuse nasal and
bronchi al secretions, and pinpoint pupils (English et al. 1970).
However, only one of the twins exhibited slightly reduced
pseudochol i nesterase and none of the other famly nenbers
(including a two-year-old) exhibited signs of illness. A fata
case in a three-nonth-old who was exposed to residue from a
m sapplication (puddles were visible on the floor) was reported by
the Anerican Association of Poison Control Centers in 1994
(Litovitz et al. 1995). The infant was found dead in its crib so
the synptons in this case are not known. Al so, there was no
cholinesterase test or other verification, so this can only be
consi dered a possible case. Another case involving a three-nonth-
old infant is discussed bel ow by Wagner and Orwick (1994). This
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case al so involved excessive application of diazinon inside the
hore.

B. Rati os of poi soning

The incidence of system c poisoning cases in agricultural
workers reported to the California was conpared to the nunber of
appl i cations of diazinon. Those cal cul ati ons, along with the nedi an
score for a total of 29 pesticides, are presented in the Table 7.

Table 7. System ¢ Poi sonings/1,000 Applications in Selected
Agricul tural Wrkers Exposed to Diazinon in California, 1982-19892
Nunber Poi soni ngs/ 1, 000 Appl. (N) Poi soni ngs/ 1, 000 Appl . (N)
Pesti ci de of Primary Pesticide Only Mul tiple Pesticide
Appl . Exposur e
Handl er s Field Tot al Handl ers | Field Tot a
Wor ker s Wor ker s
Di azi non 61, 351 .21 (13) .20 (12) | .41 . 49(30) .62 1.11
(25) (38) (68)
Medi an .21 . 20 .41 .44 . 50 1.02
a Extracted from Table A5 in Decenber 5, 1994 meno from Jerone Bl ondell to Joshua

First; nunber in parentheses is the observed nunber of poisoned cases.

Di azinon had the ratios for handlers and field workers
(poi soni ngs per 1,000 applications) that matched the nedian for 29
i nsecticides used widely in California when exposures to m xtures
were excluded (See Table A5 in the Decenber 5, 1994 neno.) The
ratios were slightly higher when m xtures were included.

The total nunber of poisoning cases related to structural pest
control applications is clearly excessive when conpared to the
extent of use. From 1990 through 1994 California reported 74
system c poi soni ngs due to di azi non where a structural pest control
operator (PCO was involved in the application (Mehler 1997).
This was 16 percent of the 466 cases where a structural PCO was
i nvol ved and t he i ndi vi dual pesticide responsi ble for the poi soning
could be identified. A nationwi de survey of residential and
commercial PCO use estimated 180, 000 pounds active ingredient of
di azi non applied indoors conpared to a total of 9,232,000 pounds
active ingredient for all pesticides used indoors (Lucas et al.
1994). Thus, diazinon accounted for only two percent of indoor use
but account for 16 percent of the system c poisonings, a eight-fold
increase in risk

VI . NPTN



34

On the list of the top 200 chem cals for which National
Pestici de Tel ecomuni cati ons Network received calls from1984-1991
i nclusively, diazinon was ranked 3rd with 1598 incidents in humans
reported (7.3% of the total) and 248 incidents in animals (5.6%
nmostly pets). From 1984 through 1990, NPTN received 1,022 calls
conpl ai ni ng of unusual sensitivity to pesticides; multiple chem cal
sensitivity (MCS) in nost cases. Diazinon was the second ranked
pesticide for which there were 104 MCS type conplaints or 10% of
the total, though it only accounts for 5% of the use in the hone.
(Waitnore et al. 1992).

VI 1. LITERATURE REVI EW

There are nunmerous case reports of diazinon poisoning in the
scientific literature. No attenpt will be nmade to review all of
t he cases reported here. Rather sel ected reports suggesting new or
different health effects and reports permtting dose-response
assessnent will be presented.

In a review of aninmal and human toxicol ogy, Gallo and Law yk
(1991) noted that a wide variation in response had been observed to

different batches of diazinon. In at |east sone cases, presence of
sul f ot epp or nonot hi o- TEPP have been inplicated (Soliman et al.
1982) . For exanple, two spray nen in Egypt were using back

sprayers wth inadequate protection and were poisoned by a
formulation with these contam nants in 1979. Evidence has shown,
at least in fornulations from decades past, that these nore toxic
transformati on products can be produced as diazinon breaks down
over tinme. Current fornulation practices are designed to reduce
this problemto a m ninum

Gall o and Lawyk (1991) reported on three-week old tw ns who
devel oped shal |l ow breat hing, nasal and bronchial secretions and
pi npoint pupils after their apartnent had been sprayed with 1%
di azi non using “approved” application nmethods. Gllo and Law yk

comented that this case appeared to be a rare exanple of illness
due to respiratory exposure with little or no inhibition of
chol i nest er ase. This may be partly because nornal |evels of

chol i nesterase are approxi mately 20-30%I! ower i n children under the
age of four nonths when conpared to adults (Karlsen et al. 1981).
However, two other reports suggest that poisoning synptons can
occur w thout cholinesterase inhibition. Nine inmates in a
correctional facility in Al abama accidentally drank a honenmade
al coholic beverage which contained diazinon (Kessler and M acek
1973). The beverage was nade from oatneal, sugar, nol asses, and
raisins and allowed to fernment. D azinon concentrate, m stakenly
t hought to be another product that would mask the odor of the
fermenting brew, was pl aced on top of the plastic bag wth the brew
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and apparently | eaked t hrough. Each of the nine prisoners drank at
| east one-half pint of the brew. Al nine devel oped synptons and
ei ght of the nine had cholinesterase val ues that were | ow but stil
wi thin the normal range. Only one i nmate had chol i nesterase | evel s
that were clearly below normal. A nore recent report fromlsrael
(Richter et al. 1992) concerns a famly of four who devel oped
synptonms which include vomting, sleep problens, fatigue,
di zzi ness, headache, and chest heaviness. Urine sanples were
positive for diazinon exposure but only slight depressions were
seen in serumchol i nest erase neasurenents. The authors report that
persi stent household exposure to residues were the nost likely
explanation for the health conplaints. Ten days after a thorough
wash down of the apartnent, famly nenbers were free of synptons
and urine levels of diazinon netabolites were bel ow detection.
These studi es strongly suggest that chol i nesterase neasurenents nay
not always be a reliable indicator of significant exposures that
can | ead to poisoning synptons.

Rel atively small dermal exposures to diazinon have been
hazardous. The nost extrene exanple in the literature involved an
application of just one teaspoonful to the genitals of a 58 year
old male to treat a pubic lice infection. Thi s case devel oped
life-threatening synptons of coma and sei zure, but recovered with
aggressive treatnent. The authors note that absorption is likely
to be very high (near 100% across the thin skin of the scrotum
based reports by Mi bach et al. (1971). Assum ng that 25%di azi non
was used, the dose from1 teaspoon in a 70 kg man woul d be 18 ng/ kg
body wei ght (5,000 x .25/70). Hayes (1963) reported on three cases
that applied 80 ng of diazinon to the skin (in a 1% solution) and
all three were poi soned (doses around 1 ng/kg). The unusually | ow
dose which led to a coma in one of the three cases is inconsistent
with other reports and may be due to earlier formulations of
di azinon transformng into nore toxi ¢c TEPP and sul fotepp (Gall o and
Lawr yk 1991). Two fermale gardeners at a nursery in Singapore
accidentally knocked over a container of diazinon that spilled on
one of them and they both cleaned up the splash w thout taking
precautions or changing out of their contam nated clothing (Lee

1989). The nost heavily exposed woman experienced diarrhea,
di zzi ness, cyanosis, frothing at the nouth, drowsiness, and
pul nronary edenma and had to be put on a respirator. She | ater

devel oped acute pancreatitis which was attri buted to the effects of
t he exposure to diazinon. Several other reports in the literature
have associ at ed di azi non or ot her organophosphate i nsecticides with
t he devel opnent of pancreatitis (Lee 1989, Dagli et al. 1981).

A nore recent concern of organophosphate poisoning and
di azinon poisoning in particular is the developnment of an
i nternedi ate syndrone characterized by extrenme nuscle weakness.
Thi s nmuscl e weakness, which is usually reported 1-4 days after the
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exposure, can lead to paralysis of the linb and neck and
respiratory nuscles, requiring nmechanical ventilation (Hall and
Baker 1989, Samal and Sahu 1990, Sheth et al. 1995). Most of the
reports of this syndrone have involved suicidal ingestions of
potentially |ethal doses.

Wagner and Owi ck (1994) reported devel opnent of persistent
hypertonicity in a three nonth old infant that persisted to eight
nmont hs of age. Overall nuscle tone was increased in the arns and
legs with evidence of hyperreflexia, closed hand posture, and
hyper ext ensi on when rolling over. At eight nonths of age the hone
was found to have had an excessive application of diazinon five
weeks prior to the onset of synptons. D azinon had been applied as
a 1% solution in a broadcast manner over the interior of the
famly’ s home by an unlicensed applicator. Cholinesterase |evels
inthe infant were normal but urine neasurenents were positive for
di azi non exposure. Six weeks after the infant left the hone,
muscl e tone returned to normal. Wagner and Orwi ck (1994) suggest
that other neurotoxic effects of diazinon rather than sinple
chol i nest erase depressi on nay have been responsi ble for this case.

Anot her effect of organophosphate poi soni ng suggested in sonme
studies is pancreatitis (Wizman and Sofer 1992). Wi zman and
Sof er conducted a prospective study of 17 children seen in a
hospi tal for organophosphate or carbamate poi soning. All cases had
si gns and synptons conpati bl e wi th poi soning and reduced | evel s of
pl asma chol i nesterase. Five of the children subsequently devel oped

pancreatitis as nmeasured by serum trypsin. The «clinica
mani festations were relatively mld, abdomnal pain being the
primary gastrointestinal synptom One of the children wth

pancreatitis had been poi soned by di azi non. The authors concl uded
that pancreatitis is not rare in anticholinesterase intoxication.
QO hers have also reported cases of pancreatitis due to diazinon
(Lee 1989, Dagli et al. 1981).

There is one report in the literature of a patient devel opi ng
severe poisoning while working in his yard for two days which had
been treated with diazinon (Kurt 1988). In this case it was
postul ated that he was unusually susceptible to the effects of
di azi non on account of the nedication he was taking for high blood
pressure (cinetidine). However, this increased susceptibility has
been questioned and no simlar reports have been forthcom ng (Muy
1989).

A der surveys have been conduct ed whi ch neasured nortality and
norbidity nationw de. Hayes and Vaughn (1977) reported that for
five years surveyed (1956, 1961, 1969, 1973, and 1974), di azinon
was responsible for 12 deaths due to accidental causes. Diazinon
ranked fifth as a cause of death for these five years, accounting



37

for three percent of all accidental deaths related to pesticides.
A survey of hospitalized pesticide poisonings in a six percent
sanple of the nation’s hospitals estimted 123 non-occupati ona
cases and 10 occupational cases per year over the six year period
1977-1982 (Keefe, Savage and Wheel er 1989). In this survey of
hospital records, the identity of the specific pesticide was
unknown in 32% of the cases, so the actual nunber of diazinon
hospi talizations was probably somewhat higher. Di azi non ranked
second as a cause of non-occupational cases and 12th as a cause of
occupational cases in this hospital study. These rankings are
primarily due to the w despread use of diazinon. A survey of hone
use by EPA in 1976-1977 found that diazinon was the seventh nost
comon pesticide present in the honme (Savage, Keefe and Weel er
1980). A nore recent survey conducted in 1990 found that diazinon
was the ninth nost common pesticide (excluding disinfectants)
present in 15.8%of all households (Witnore et al. 1992). There
was an estimated 18 mllion applications indoors and 57 mllion
applications outdoors in the year prior to this survey based on
respondent’s recoll ection.

Rei chart et al. (1977) reported on two famlies where eight
chil dren were poi soned fromeating contam nated oatneal in Hawaii .

The hones where the children lived had received repeated
applications of undiluted 25% di azi non concentrate for control of
roaches. It is not known whet her the children may have had reduced
cholinesterase from dernmal exposure to treated surfaces. The

prepared oatneal was found to contain 58 parts per mllion
di azi non. Assum ng 100 grans of oatneal were ingested and that the
children (aged 5-10) weighed on average about 25 kg, then the
estimated dose that caused poisoning would be 0.23 ng/kg. In a
case reported in Mchigan an 18 nonth ol d boy was accidentally fed
“roach m | k” which was anal yzed to contain 0.5% diazinon (Detroit
News, Novenber 29, 1985). The boy was taken to the hospital in
coma, but recovered with treatnent. Assum ng he wei ghed 11.3 kg
(average weight of 18 nonth old) and ingested 8 ounces of
formul ation (227 grans), the dose received would have been 100
mg/ kg. This dose may be considered a | ow | ethal dose for children,
given the life-threatening synptons reported.

ZwW ener and G nsburg (1988) reported on 37 cases of severe
toxicity in young children in Texas from organophosphates and
carbamates. Five of the 37 (14% were due to diazinon; all from
i ngestion of inproperly stored containers and confirnmed by markedly

reduced choli nesterase. One of the five cases experienced
respiratory arrest from ingestion of an illegal “roach mlKk”
product simlar to the case described in Mchigan (G nsburg
per sonal comuni cation). This two-year-old patient reportedly

devel oped encephal opathy and seizure disorder secondary to the
mechani cal ventilation required to save his life.
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Gall o and Lawryk (1991) report that a dosage of 0.02 ng/ kg was
a no-effect level in adult volunteers. Two nen who ingested five
doses over five days had marked i nhi bition of plasma cholinesterase
at a dose of 0.025 ny/kg/day. However, it should be noted that
these tests were reported back in 1967 when t he type of manufacture
and formulation may have significantly increased toxicity.

Mller and Mtzel (1995) examned 37 cases of nultiple
chem cal sensitivity associated with organophosphate or carbanate
exposure. Nine of these 37 (24% were due to diazinon; a nunber
exceeded only by chlorpyrifos with 19 cases (51%.

Epi dem ol ogi ¢ studi es of workers exposed but not poi soned

An extensive behavioral evaluation was perfornmed on 46 pest
control workers with short-term |owlevel exposure to diazinon
(Maizlish et al. 1987). Wrkers were tested before and after
appl yi ng di azi non as part of their work for the state. Fifty-three
(53) controls were sel ected fromsupervi sors or workers at a second
site engaged in pest detection or inspection of agricultural
commodities. Each subject conpleted a brief neurol ogi cal screening
exam nation, a synptom questionnaire, and conputer-assisted tests
of concentration, eye-hand coordination, pattern recognition,
visual nenory, and finger tapping. The authors reported that
behavi oral effects were not denonstrated in this study:

Conpari sons between exposed and non-exposed groups showed

m nor deficits of performance anong t he exposed, particularly

post-shift Synbol-Digit speed and Pattern Menory accuracy.

VWil e applicator versus non-applicator differences are not

readily expl ai ned, di azi non exposure is probably not

responsi bl e because poorer perfornmance was not observed in
nmore powerful anal yses of dose-response.

The estimted whol e body exposure to diazinon in this study
was characterized as low, estimated to be 1.5 ng di azi non per day.
The average duration of exposure for this group of workers was 39
days with a range from 17 to 67 days, again relatively short
conpared to ot her studies.

One inportant confounder reported by the authors was healthy
wor ker sel ection. This confounder occurs when affected i ndividual s
| eave the workpl ace or select-out of exposed jobs as a result of
t he adverse effects they develop. O her problens reported with the
study included a relatively |low response rate especially anong
ol der mal es. Sel ection bias, subj ect notivation and
observer/subject bias were also potential sources of error.
Despite these problens this study does provi de evi dence that short -
term lowlevel exposure is not likely to produce chronic
neur obehavi oral effects. This finding is supported by three
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addi ti onal studies, revi ewed bel ow, which were not linited to cases
exposed to diazinon.

A study by Anes et al. (1995 exam ned neurobehavi oral
function in 45 male subjects wth docunented cholinesterase
depressi on but not frank organophosphate poi soning. Subjects were
selected fromnedical nonitoring records maintained in California
for those who apply organophosphate or carbamate insecticides and
undergo routine cholinesterase testing. Wrkers with a 30%decline
in red blood cell cholinesterase or a 40% decline in plasm
chol i nesterase were eligible to be renmoved fromwork and coul d be
candidates for this study. The identity of the pesticide
responsi ble for the decline in cholinesterase was not known. This
study was part of another study which | ooked at poi soned subjects
(Steenland et al. 1994). Ninety (90) controls were selected from
anong the friends that were brought either by subjects wth
chol i nesterase depression in this study or friends of subjects in
the study of poisoned cases. A nunber of factors including age,
ethnicity, weight, grade level, and |anguage of test were
identified as potential confounders and adjusted for in the
analysis. Atotal of 27 tests were adm nistered including 10 tests
of nerve conduction, 2 tests of vibration, 7 neurobehavioral test,
5 tests of nood, and 3 tests of notor coordination. Subjects who
had experienced cholinesterase depression did not score
significantly worse on any of these tests.

A cross-sectional study of 67 Hi spanic farmwrkers and 68
gender-, age-, ethnicity-, and education-matched controls was
performed in Washington State (Engel et al. 1998). Exposed
subj ects were apple thinners who did not have any previous history
of handling pesticides in the previous six nonths or any history of
pesti ci de poi soning. The apple thinners were primarily exposed to
azi nphosnet hyl and possibly to phosnet or nethyl parathion.
Controls were recruited from |ocal workplaces including sew ng
factories, food processors, fruit-packing houses, recreational
areas, and restaurants. Unlike the study by Ares et al. described
above where all subjects were male, 43%of the exposed subjects in
this study were female due to over sanpling in this group.
Chol i nesterase levels were taken and were slightly, but
significantly I ower in the exposed group. The exposed workers did
not performsignificantly worse on eight nerve conduction tests.
When anal yses were restricted to thinners, no significant dose-
response relationship was observed between hours involved in
t hi nni ng and any neurophysi ol ogi cal neasure. Note that no tests
were performed on neurobehavioral function such as nenory,
concentration, or nmood. The authors concl uded:

The results indicate that OP pesticide exposure during a

growi ng season at the I ow |l evel s observed i n these workers was

not related to detectable inpairnment in peripheral nerve
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conducti on or neuromuscul ar function.

In contrast to the study descri bed above which was limted to
neur ophysi ol ogi cal neasures, the study reported by Fiedler et al.
(1997) was limted to neuropsychol ogi cal perfornance. In this
study, 57 male tree fruit farnmers were conpared with 42 age- nmat ched
cranberry/ bl ueberry growers and hardware store owners (unexposed).
Subj ects were selected froma mail survey to self-enployed tree
fruit farmers who were also |icensed pesticide applicators in two
counties in New Jersey. Only 39%of those contacted by mail agreed
to participate in the study, identified as a farmers’ heal th study.
O the 84 who agreed to participate, 27 were excluded due to
advancing age (7), little or no exposure to pesticides (4), other
illness (4), and scheduling conflicts (12). For the control group,
letters were sent to 237 blueberry/cranberry growers who were
expected to have little or no exposure to pesticides. However
only 34 (14% response rate) agreed to participate and 12 of these
were not eligible for the reasons gi ven above. To augnent the size
of the control group, 285 hardware store owners were contacted from
the same comunity. O these, only 22 (8% response rate) agreed to

participate from which 20 were actually tested. In summary the
control group consisted of 22 blueberry/cranberry growers and 20
hardware store owners. Detail ed exposure history was taken by

questionnaire which focused on nunber of acres treated wth
or ganophosphates for each year of farmng and type of handling
(e.g., mxing, airblast application, etc.) and use of protective
equi pnent. The exam nation included a detailed nedical history, a
conpl ete physical examnation with focus on neurologic function
(e.g., cranial nerves, sensation to light touch, deep tendon
reflexes, and gait), and a neuropsychol ogical test battery which
i ncl uded neasures of concentration, visuonotor skills, nenory,
expressive | anguage, and enotional distress. All farners were
tested for red blood cell cholinesterase to confirmthey were free
fromrecent acute exposures. None of the farnmers had a history of
pestici de poisoning. Because subjects and controls differed
significantly on years of education and reading test scores these
factors were included in the analysis. Sinple reaction tine (a
measure of concentration) was significantly slower in the exposed
group. However, no other significant differences were seen on
measures of visuonotor skills, menory (visual or verbal), or
enotional distress as neasured by MWI scales (e.g., depression,
introversion). Gven the | arge nunber of conparisons reported in
this study the finding for slower reaction tine my be due to
chance. The authors concl uded:
the present study in conjunction with the literature on
or ganophosphat es, suggests that absent an acute poisoning
epi sode, denonstrabl e neurobehavi oral performance deficits in
an asynptonmati c popul ation are at nost subtle and often not
associated with synptons . . . Therefore, prevention of acute
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poi soning may be the nost inportant strategy to reduce the
i kelihood of significant cognitive deficits resulting from
| ong-term use of organophosphat es.

Based on the four studies that did not include potentially
poi soned workers, including one study specific to diazinon, the
Heal th Effects Division concludes that avail abl e evi dence does not
support a finding that | ow | evel exposure to organophosphates, or
diazinon in particular, can cause chronic neurological or
neur obehavi oral effects in the absence of poi soning.

Epi dem ol ogi ¢ studi es of poi soned workers

Two types of studies have been conducted to assess chronic
neur ol ogi cal and neurobehavioral effects of organophosphate
poi soni ng: cases series and case-control studies which are
consi dered bel ow.

Case Seri es

Gershon and Shaw (1961) reported on 16 workers with 1-10 years
duration of exposure to organophosphates. These 16 workers are not
a representative sanple of workers, but a selected group.
Assessnent of psychiatric synptons revealed that 8 had inpaired
menory, 7 depression, 6 inpaired concentration, 5 had schi zophrenic
reactions, 4 had irritability, and 4 had persistent headaches.
Lack of controls and sanpling nmethodol ogy prevent concl uding that
the synptons seen in this case series were necessarily due to the
chroni c exposure or poisoning from organophosphat es.

Metcalf and Hol mes (1969) exam ned two datasets based on
wor kers i nvol ved i n the manuf acture of organophosphates. The first
dat aset exam ned 56 exposed workers and 22 controls. The OP
exposed wor kers exhi bited nore forgetful ness (53%of exposed versus
20% of controls), visual difficulty (30% versus 0%, general
fatigue (35%versus 5%, nuscle aches and pains (12%versus 0% and
difficulty thinking (12% versus 5% .

Their subsequent study of the sanme workforce included
psychol ogi cal testing, el ectroencephal ograns  ( EEGQ), and a
neur ol ogi cal exam nation. The authors reported that the exposed
group denonstrated "disturbed nmenory and difficulty maintaining
al ertness and appropriate focusing of attention" from the
psychol ogi cal testing. Direct interviews of these workers wth
mul tiple or severe exposures elicited conplaints of being slowed
down, less energetic, and having nore nenory difficulty and
irritability than the mnimally exposed workers. Neur ol ogi ca
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tests did not showdi fferences between highly and m nimal |y exposed
wor kers on tests of sensory or notor deficits. The EEG exam nati on
was conducted on all workers in the study and did show changes.
These changes were characterized as "a mnimal type of EEG
di sturbance, but it mrrors, to a |esser degree, the nore severe
EEG di sturbances seen after acute exposure".

Both this study and the earlier one by Mtcalf and Hol nes
(1969) are marred by a | ack of description of the sources of cases
and controls, lack of case definition, absence of statistica
testing for significance, and | ack of any discussion of possible
bi ases or confounders. Due to these deficiencies, the study nust
be treated nore as a case series than as a control |l ed epi dem ol ogi c
study. This neans that the findings can be characterized only as
suggestive or supportive of the results from ot her studies.

Hol nes and Gaon (1957) exam ned 600 patients who were factory
workers with exposure to organophosphates, principally parathion
and TEPP. In this survey 25 or 4 percent reported synptons of
irritability, nervousness, fatigue, |ethargy, nenory inpairnent,
confusion, decreased nmental concentration, and various problens
wi th muscle aches and pains including sensations of nunbness and
weakness in the linbs. These persistent synptons occurred "in the
nore severe exposures and in those with nultiple exposures”.

In one case of severe exposure to an organophosphate, Hol nes
and Gaon (1957) recorded the patients subsequent nental confusion
inthe patient's own words: "Cet tired--hard to breathe--short of
breath, just like I'd run up a hill. This usually happens when
do anything that requires sone energy--(fast wal ki ng--short runs,
etc.). Had a couple of restless nights--nervous. I still get
quite nervous--lot nore irritable than before. Very absent-m nded
since |ast exposure. M/ mnd seens to like to wander--quite
mar ked. | cleaned out garage just after the exposure and now I
don't know where | put half the stuff. | distinctly renmenber
trying to store it in places where | could renenber, but now !l have
to go through all the stuff to find it. It was 2 weeks sonetines
before I found what | wanted. M thinking seens rather flighty--
|'ve been fairly good in arithnmetic, but can't doit too well in ny
head now. Can't concentrate on nore than one thing at one tine".

Two physicians in California exam ned 114 OP poi soni ng cases
3 years afterward to | ook for chronic effects (Tabershaw and Cooper
1966). They originally sought 235 subjects that had OP poi soni ng
in 1960, but only 114 were | ocated, exam ned and included in the
final analysis. O the 114 cases, 6 were classified as severe
(coma or convul sions present, hospitalized an average of 8 days),
54 were considered noderate based on clinical notes, and 54 were
considered mld (patient remai ned anbul atory or recovered rapidly
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from limted therapy). Nearly half, 53 cases required
hospi talization. In 6 individuals visual disturbances were
reported which the patients insisted had not been present before
t he poi soni ng epi sode and which they attributed to the poisoning.
Another 7 patients conplained of persistent headaches. Five
poi soning victins conplained of nervousness or irritability.
Not ably 22 of the 114 workers (19% reported they could no | onger
tolerate snelling or contacting pesticides. O the 22, 16 had
given up work involving contact wth pesticides because of their
intolerance and six continued to work on the farm but avoided
contact as nuch as possible. One wonders how many of the 61
poi soned workers that could not be |located for this study may have
| eft because of persistent synptons or intolerance (i.e., healthy
wor ker sel ection). QO her studies attenpting to neasure such
effects may mss recruiting affected individual s because they have
| eft pesticide-related work after being sensitized. A controlled
epidemologic study would be needed to confirm the results
identified in this report of a case series.

Hi r shberg and Lerman (1984) col | ected data on 236 case records
of organophosphate and carbamate poisoning from 8 hospitals in
| srael from1958 to 1979. OP poisoning was confirmed by | aboratory
evi dence of cholinesterase depression. Car bamat e poi soni ng was
confirmed by unequi vocal evidence of direct exposure. Only 5 cases

of carbamate poisoning were included. Acci dental exposure
accounted for 89% of the cases and 26 or 11% were attenpted
suicides by oral I ngestion. According to the authors:

"Depression, confusion, and agitation were noted in nine patients
after recovery fromthe acute phase of poisoning. Oher conplaints
were insomia and notor weakness w thout objective neurol ogica
deficits". Seven of these 9 cases were considered to have only
m |l d poisoning based on their clinical synptons. Al of the 9
cases had been poi soned by organophosphat es.

Control | ed epideniol ogi c studies

The studi es by Savage et al. (1988), Rosenstock et al. (1991),
and Steenland et al. (1994), presented bel ow, are exanpl es of high
quality epidem ologic studies. A study by Savage et al. (1988) in
Col orado and Texas exam ned 100 cases poi soned by organophosphat es
and 100 matched controls for neurol ogi cal and neuropsychol ogi cal
functi on. Controls were nmatched on age, sex, race, ethnic
background, education, and occupational class. Si gni fi cant
differences were found on tests of nenory, abstraction, depression,
and nental inpairnent. On average the exposed subjects were
poi soned 9 vyears before testing. Poi soned subjects scored
significantly worse on 4 of 5 summary scores of psychoneurol ogi cal
function and on 18 of 34 subtests. Anmong the tests that poi soned
subjects scored worse on were the Wechsler Adult Intelligence
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Scale, logical analysis, abstract reasoning, verbal fluency,
probl emsol vi ng, concentration, sensitivity to social stresses, and
fine notor coordination and speed. Relatives of the 100 poi soned
subj ects and control s were questioned about psychol ogi cal function
in 22 areas. Statistically significant differences were found in
four areas, depression, irritability, social wthdrawal, and
confusion. Again, the controls perfornmed better in these areas
than the case group

It was not possible from this single study to state that
or ganophosphate poisoning leads to adverse effects on psycho-
neur ol ogi cal function. A nunber of potential sources of bias,
particularly selection factors nmay have affected the results of
this one study. However, results from this study have been
replicated on poisoned workers in N caragua and again in
Cal i fornia.

Rosenstock et al. (1991) perforned a retrospective cohort
study of agricultural wrkers in N caragua who had been
hospitalized wth organophosphate poi soning. O 52 eligible
patients hospitalized over a two year period, 38 nen were | ocated,
and 36 agreed to participate in the study. Controls were a close
mal e friend or sibling fromthe same community who had never been
treated for pesticide poisoning and was no nore than 5 years
different in age fromthe case participant. Both nenbers of the
pair (case and control) were exam ned during May-June 1989 before
the onset of the 4-5 nonth spraying season. Six of the seven
tests fromthe Wrld Health Organi zati on core neurobehavi oral test
battery were adm ni stered, along with a brief synptominventory, 6
addi ti onal Spanish-translated tests, and a 16 item self-reported
synptominventory. These tests were adm nistered an average of 2
years after the tinme of hospitalization for a poisoning.

Poi soned wor kers scored significantly worse on five of the six
WHO core neurobehavioral tests, 3 of the 6 Spanish-translated
tests, and the 16 item self-reported inventory. Deficits were
noted in auditory and visual attention, visual nmenory, visuonotor
skills, steadiness and dexterity. These findings replicated, to a
| arge degree, those of Savage et al., which is an inportant
consi derati on when judgi ng the wei ght of evidence for a concl usion
that OP poisoning is a cause of chronic neurobehavioral effects.

Steenland et al. (1994) studi ed chronic neurol ogi cal sequel ae
in 128 workers poi soned by organophosphat es between 1982 and 1990
and 90 controls. The poi soned group perforned significantly worse
on neasures of sustained visual attention and nood. If the
poi soned group was restricted to those wth docunented
chol i nesterase inhibition or those who had been hospitalized, the
poi soned subjects al so showed poorer performance on vibrotactile
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sensitivity tests. This study concluded "The evidence of sone
long-term effects of poisoning is consistent with two prior
7studies.”

This study had certain I|imtations common to nmany
epi dem ol ogi ¢ studies. However, these limtations do not effect
the conclusion. The 128 poi soned cases were only 31% of the 416
potential participants sought for the study. O the remainder 37%
could not be | ocated, 19%could not be contacted (nmailings sent to
their |isted address were not responded to), and 13% refused to
participate. Sone of the individual were excluded fromsone or al
of the tests. The first 16 individuals exam ned did not receive
the test for nood which was added after the first round of testing.
Ei ghteen subjects could not take the neurobehavioral tests
primarily because of inability to read. Thirty-eight of the
poi soned cases (30% failed to bring a friend to serve as a control
for the study. One disadvantage of the use of friends as controls
is that they mght be selected by the cases on the basis of
simlarities in nood and ot her personality factors under study that
woul d tend to prevent discovery of significant effects.

Unlike the two earlier case-control studies, this report
attenpted to determne whether effects were associated wth
exposure to particul ar organophosphate insecticides. D azinon as
a primary cause of poisoning was not associated with adverse
ef fects, however, only 11 subjects were available for study. In 19
cases where di azinon was a source of exposure but not the primary
cause of poisoning there was sone evi dence of nore tension on nood
scal es. The Steenland et al. (1994) study nentions in their
i ntroduction that a subset of organophosphates may cause del ayed-
onset peripheral neuropathy by effects on the neuropathic target
esterase, a property not shared by other organophosphates. No
simlar mechanismis suggested as to why in the current study sone
or ganophosphat es and not others would effect either the peri pheral
nervous system or the central nervous system Al of the
or ganophosphat es under study poison primarily by their ability to
inhibit the cholinesterase enzyne. Both central and periphera
nervous systens may be affected. Therefore, if chronic effects are
brought about by depression of neural and brain cholinesterases,
then such effects can be expected from any organophosphate
i nsecti ci de.

A neurol ogi cal and a psychoneurol ogi cal study were perforned
on the sane group of farnmers that use organophosphate sheep dip in
the United Kingdom Though not well characterized in these two
studi es, sheep dipping is generally a nessy process that can easily
| ead to poisoning synptons. A study by the Veterinary Products
Comm ttee (1996) showed consi derabl e evi dence of synptonatic cases
t hough al nost none were docunented with cholinesterase testing or
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ot her nedi cal docunentation. Therefore, although these two studies
are grouped with studies of workers who have been poi soned, this
categori zation of exposure is questionable at best. Though not
specified in either study, the principal organophosphates used for
di ppi ng sheep in the United Ki ngdomare di azi non, propetanphos, and
chl orfenvi nphos (Veterinary Products Commttee 1996).

The neurol ogi cal study was |imted to 20 sheep farnmers and 10
quarry workers selected fromthe nmain cohorts of 146 sheep farners
and 143 quarry workers (Beach et al. 1996). The sheep farners were
sel ected based on a synptom questionnaire adm nistered 24 hours
after dipping sheep. The 10 farmers with the highest synptom
scores were selected along with the 10 farnmers with the | owest
synptom scores. The unstated assunption is that reporting |lots of
synptons imredi ately after exposure is a good neans to identify
t hose who have experienced chronic effects. A nore neani ngfu
approach woul d have been to identify those workers who conpl ai n of
the nmore typical chronic synptons reported in studies of
i ndi viduals who had been poisoned and nonths or years |ater
conpl ai ned of persistent headache, bl urred vision, nuscl e weakness,
problenms with nenory, concentration, confusion, irritability and
depr essi on. By choosing the two extrenes, the authors of this
study have assured that their study population is not typical of
the cohort of 143 exposed farners. A hallnmark of chronic synptons
is that they are not a function of recent exposure. Therefore, the
classification schene used is i nappropriate. No comment is made in
t he study about how the 10 quarry workers were sel ected, other than
that they came from a single study site. This inplies that
sel ecti on may have been based on a conveni ence sanpl e and not wel |l -
mat ched to t he study popul ation of farners. Quarry workers average
8 years younger than the study groups but this difference was not
significant. This is primarily due the small sanple size and does
not rul e out age as a possi ble confounder in this study. The study
found no di fference between groups for cranial nerve abnormalities.
Thirteen types of neasures were used to assess the notor system
(e.g., reflexes, calf circunference, nuscle power, gait, and
reflexes) and only one statistically significant difference was
found for <calf ~circunference which was lower in the nore
synptomatic farners. Sensory exam nation included fine touch,
vi bration, joint position sense, and two point discrimnation. The
only statistically significant finding was for tw point
di scrimnation on the hands and feet. The authors concl uded that
“a clear relation was not found between exposure and the
neurol ogi cal abnormalities detected within groups of farners.”
They note that this may be partly due to the relatively crude
measures of exposure and the fact that individual susceptibility
may determ ne who gets effects. Though their findings did not
easily fit into a pattern of neurological disease, the authors
argue that either subclinical episodes of intoxication or [ong term
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| ow | evel exposures nmay have led to the significant differences
t hat were observed:
t hey suggest that some neurol ogi cal changes, albeit relatively
subtl e, had occurred as a consequence of |l ong termexposure to
or ganophosphat e sheep dip at concentrations which had never
i nduced sufficient synptons that nedi cal attenti on was sought.

I n the neuropsychol ogi cal study of the sane cohort of farmers
testing was done at least two nonths after the last dipping to
avoid testing for acute effects (Stephens et al. 1995). For this
study the entire cohort of 146 farnmers and 143 quarry workers
(control s) were used. Letters were used to recruit every tenth
farmer from the Wol Marketing Board list of sheep farners, but
only resulted in a response rate of 33% Subsequently, tel ephone
contacts were made which produced a response rate of 69% The
overall response rate for quarry workers was 35% Farners differed
significantly from quarry workers on a nunber of potentially
confounding factors. Farnmers were older, had |ower alcohol
consunption, |ess conputer famliarity, and were less likely to
have English as a first | anguage than the quarry workers. So these
factors were included as potential confounders in the analysis.
Lack of recent exposure to organophosphates in the farners was
verified by urinalysis for dialkylphosphates. Farnmers perfornmed
significantly worse than controls on 3 of 8 psychol ogical tests:
Synbol Digit Substitution; Syntactic Reasoni ng; and Si npl e Reacti on
Time. These effects renmi ned after adjustnent for the confounders.
Farners apparently reported nore synpt ons suggestive of psychiatric
di sorder, however, these synptons were not analyzed individually.
Tests of short-term nenory and |earning were not significantly
different between the two groups as m ght have been expected based
on earlier studies.

The aut hors concl uded that:

chronic effects on the nervous system have occurred in this
group of farners and that these effects are likely to be
associated wth | ong-termexposure to organophosphates. These
effects are subtle in nature, and although identifiable with
sensitive neuropsychol ogical tests, they are unlikely to be
mani fest as clinical synptons. The results do suggest,
however, the need to reduce exposure to organophosphates as
far as possible.

Levin et al. (1976), and in a separate report, Rodnitzky et
al. (1975) examned 11 farnmers and 13 commercial applicators.
Farmers tested prior to the spraying season and farners not
i nvol ved in pesticide application were used as control s and mat ched
on sex, age, and education. Wile no significant differences were
seen on neurobehavioral tests, there was sone i ncreased anxiety in
commerci al applicators. In order to participate in the study,
pesticide applicators had to have been exposed in the past two
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weeks to organophosphates. Therefore, this study tested for
i mredi at e neur obehavi oral effects of exposure and has no bearing on
| ong term neurobehavioral effects of poisoning or exposure. The
study may have been confounded by selecting farnmers as control s who
di d have neurobehavioral deficits as a result of previous exposure
(nmore than two weeks ago) or even poisoning to organophosphates.
Therefore, these studies are not relevant to a review of chronic
neur obehavi oral effects of organophosphate poi soning.

Wei ght - of - Evi dence Concl usi on for poi soned workers

The st udi es present ed above do provi de surprisingly consistent
results of neurobehavi oral danmage due to organophosphates. Wile
t he association is not especially strong, it is fairly specific and
has been found in a variety of different popul ations. Evidence of
the direct effects of organophosphates on the brain nean the
effects observed may be considered biologically plausible.
Al ternative expl anations such as chance, bias, and confounding are
| ess |i kely expl anations for the associ ati ons seen in these studies
t han exposure to organophosphat es.

Taki ng these case series and case-control studies together, it
now appears reasonable to conclude that sone subset of
or ganophosphat e poi soned subjects probably experience persistent
neur obehavi oral effects. This finding has been supported by ot her
aut hors (Karalli edde and Senanayake 1989, U.S. Congress, Ofice of
Technol ogy Assessnent 1990, Wbrld Health Organization 1990). A
review by Karalliedde and Senanayake (1989) cane to a simlar

concl usi on: "Behavi oral changes have been docunented foll ow ng
acute or chronic OP poisoning. These synptons may take nonths to
regress. In human subjects exposed to OP agents to an extent

sufficient to depress plasma or erythrocyte [red blood cell]
chol i nesterase, sone or all of the foll om ng observations have been
made: (1) Inpairnment of vigilance, information processing,
psychonot or speed and nmenory. (2) Poor performance and perception
of speech. (3) Increased tendency to faster frequencies and hi gher

voltages in EEG records.” Ecobi chon's 1994 review of
or ganophosphat es and neurol ogi cal disease concluded "Sufficient
anecdotal information can be found in the nedical literature to

signify that there are persistent and serious conplaints |asting
from6 nonths to several years and, possibly, forever."

The Wrld Health Organi zation (1990) suggests that 5 percent
of occupational poisonings due to organophosphates result in these
effects. The O fice of Technol ogy Assessnent of the U S. Congress
(1990) has arrived at a simlar conclusion: "The pesticides
par at hi on, nevinphos (Phosdrin), and malathion are frequently
reported as causing health problens. Case reports and studies of
acut e poi sonings of agricultural and other workers indicate that 4
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to 9 percent of the acutely poisoned individuals experienced
del ayed or persistent neurol ogi cal and psychiatric effects." These
effects include "irritability, depression, nood sw ngs, anxiety,
fatigue, lethargy, difficulty concentrating, and short-termnenory
| oss. These synptons may persist for weeks and nonths after the

initial exposure.”™ @Gven the results fromcontrolled studies by
Savage et al. (1988), Rosenstock et al. (1991), and others |isted
above this |l ast sentence can be changed to read: "These synptons

may persist for nonths or years after the initial exposure.”
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Tabl e 8. Results fromkey studi es supporting a rel ati onshi p bet ween or ganophosphat e poi soni ng

and chroni c neurobehavi oral effects.

Ref er ence study type Lat ency Synpt ons

Case series 16 OP cases | 1-10 years | 8 had inpaired nenory, 7 had depression

Ger shon and Shaw | at er 6 i npaired concentration,

1961 5 schizoid, 4 headache, 4 irritability.

Metcal f and Holnes | 56 OP cases | 6 years di sturbed nenory, difficulty in

1969 aver age mai ntai ning alertness, irritability,
visual difficulty, nmuscular aches and
pai ns.

Hol mes and Gaon 600 OP ? increased irritability, marked

1957 cases forgetful ness, confusion in thinking,
inability to concentrate.

Taber shaw and 114 OP 3 years 7 persistent headaches, 6 visual

Cooper 1966 cases | ater di sturbances, 5 nervousness and
irritability, 22 chemcally sensitive.

Hi r shberg and 236 OP after 9 depression, confusion, and agitation.

Ler man 1984 cases acute

poi soni ng

mat ched case- 100 cases 9 years case perforned poorer on: academc

control studies and | ater on skills, nmotor skills, abstraction,

Savage et al. 1988 | controls aver age flexibility in thinking, nmenory,
depression, irritability, w thdrawal,
conf usi on.
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Rosenst ock et al. 36 cases 2 years cases perfornmed poorer on: auditory and
1991 and | ater on vi sual attention, visual nenory,
controls aver age vi suonotor skills, steadiness,
dexterity.
Steenl and et al. 128 cases 5 years cases perforned poorer on: visua
1994 and 90 | ater on attenti on and nood (confusion and
controls aver age t ensi on) .
St ephens et al. 146 cases based on cases perfornmed worse on sustai ned
1995 and 143 exposure attention and speed of information
controls r at her pr ocessi ng.
t han
poi soni ng

Mbst often reported effects

Irritability

Menory i npai r ment
Inability to concentrate
Conf usi on

Depr essi on

Reported in two or nore studies

Vi sual di sturbances
Per si st ent headaches
Muscl e aches and pai ns
Fati gue

Psychonot or i npai r nent
Ner vousness
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VITI. SUMVARY AND CONCLUSI ON

Diazinon is one of the |eading causes of acute insecticide
poi soning incidents in the United States. This finding is based
| argely on an exam nation of Poison Control Center reports. Mich
of this frequency is accounted for by the w despread use of this
chem cal inside and outside the hone. Not counting synergists,
di azi non was the fifth nost common insecticide found in U S. hones
in a survey conducted by EPA in 1990 (Witnore et al. 1992).

CGenerally, the rate of poisoning for diazinon does not differ
greatly fromthat for other cholinesterase-inhibitinginsecticides.
In California the rates per thousand applications for di azi non were
very close to the nedian value for 29 selected insecticides.
Simlarly in the Poison Center data the ratios of synptomati c
cases to neasures of honme wuse (nunber of containers or
applications) for diazinon was cl ose to the nedi an. However, when
or ganophosphates as a group are conpared to other pesticides, a
di fferent picture energes.

Or ganophosphat es are responsi ble for disproportionately nore

serious poisonings than other pesticides. In the 1990 survey of
home and garden use (Wiitnore et al. 1992, page 55 and Table G 19%
of the containers in U S. hones were organophosphates. In the 1993

survey of non-agricultural pesticide use by certified and
commerci al applicators, 21%of the pounds active ingredient applied
wer e organophosphates (Lucas et al. 1994, Table 13). Simlarly,
for Poison Control Centers, 15% of all wunintentional pesticide
exposures are due to organophosphates, but 18% of the synptomatic
cases, 27% of the hospitalized cases, and 28% of the life-
threatening or fatal cases were due to organophosphates (based on
1993- 1996 data provided by AAPCO) . Nati onal death statistics
report that 40%of the acci dental deaths frompesticides (where the
type of pesticide is known) were due to organophosphat es during the
1980s (Bl ondell 1997). A simlar patternis seenin agriculturein
California, where informationis collected on both agricultural use
and poi soni ng, organophosphate insecticides account for just 5% of
the use (in pounds active ingredient for 1990-1994), but account
for 30% of the systemc pesticide poisonings in agricultural
settings (230 cases during the sane tine period, data provided by
the California Pesticide Illness Surveillance Program. Thus, the
excess risk from organophosphates for agricultural uses is six
times (30/5) higher than woul d be expected given the percent use.

By examining existing reporting systens and various usage
patterns, certain types of use appear to pose greater health risks
while other types of wuse are associated with little or no
significant health inpacts. This finding may be bi ased by probl ens
wWth surveying certain user gr oups (e.g., agricul tural
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fieldworkers). Available Ilimted data suggest that incidence of
human poi soni ngs associated with agricultural use of diazinon are
conparable to other insecticides. The one exception to this
appears to be hand applications in both agricultural and non-
agricultural settings which often result in poisoning and eye
injury to the applicator. Additional surveys of poisoning would be
desirable to confirmthis finding.

The main concern with diazinon appears to be structural
applications by honeowners or Pest Control Operators (PCGs) both
i ndoors or outdoors and the availability of highly concentrated
products which can cause |ife-threatening poisonings in children.
According to California data incidents, involving structura
application by a Pest Control Operator are eight tines nore |likely
wi th diazinon than with other pesticides used by PCGOs. Based on
anecdotal reports of ingestions, it appears that doses in the range
of 350-400 ng/ kg may be lethal in humans. Several |ife-threatening
cases have been reported when young children were exposed to 25%
di azi non concentr ates. The nunber of honmes and applications
involving PCOs is needed to better understand the popul ati on at
risk. This information would hel p determ ne the incident rate, the
primary measure of risk.

Most of the nore serious poisonings appear to i nvolve m suse,
especially inproper dilution, application to inappropriate sites
(e.g., carpet), failure to use mniml protective equi pnent (eye
protection, appropriate and proper fitting respirator), and failure
to take precautions when performng routine maintenance of
equi pnent or cleaning up spills. A surprisingly |arge nunber of
i nci dents occur when bystanders such as buil ding or home occupants
remain in the imediate vicinity during application or when they
reenter a recently treated structure. At |east 20 of the well-
docunented California cases involved bystanders present during
application and at least 80 cases (35 in a single incident)
involved reentry into a recently treated structure. Sone of these
reentry cases were due to inproper dilution or treatnent of
i nappropriate surfaces. In some cases it appears synptons are
brought on by the offensive odor of the conpound. It should be
recogni zed t hat i ndivi dual s devel opi ng synptons brought on by odor
effects are poisonings by definition. Cholinesterase depression,
t hough a useful indicator for exposure, does not have to be present
to prove that poisoning has occurred. If odors are offensive
enough to cause illness and to seek nedical attention, then the
circunstances that lead to such norbidity should be exam ned so
that risk reduction neasures can be identified and inpl enented.

| X. RECOMMVENDATI ONS
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1. A prospective epidem ol ogic study or statistically valid survey
is recomended for the purpose of determining the extent (how
common or rare), circunstances (intensity, duration, and type of
exposure), and persistence and severity of chronic health effects.
St udy subj ects shoul d be t hose who experience acute adverse effects
both with and w thout evidence of cholinesterase depression.
Health effects to be surveyed include chronic neurobehavioral

effects, synptons of peripheral neuropathy, and nmultiple chem cal

sensitivity. Children under age six nmust be included in this study
and a registry developed to foll ow poisonings involving infants
until they are old enough to take sophisticated neurobehaviora

t ests.

2. The Health Effects Division recommends that registrant-
sponsored training and education prograns be developed and
i npl enmented for PCOs wusing diazinon around hones and other
structures where people are likely to be present. Training should
focus on how to perform proper dilutions, what surfaces are
appropriate to treat, and proper mai ntenance of spray equi pnent to
avoid failures that result in accidental exposure.

3. | ndoor honme and office uses should be considered for
cancel l ati on whether by honeowners or Pest Control Operators.
Certain exceptions may be considered if the foll owi ng neasures can
be introduced and fully enforced: Label s for indoor use (both
homes and offices) should specify that other persons not involved
in the application (e.g., office workers, children) should not be
in the imrediate vicinity during application. In the case of
prisons, hospitals and other institutions arrangenents to transport
potentially sensitive persons away fromthe imediate vicinity of
the application may be needed until sprays have dried or
ventilation has reduced the odor. After application, thorough
ventilation should be required and a reentry period before
occupants are allowed to reenter the treated area.

4. Label s should be anended to specify rates of application and
m ni mum application intervals. Application rates and intervals
shoul d be based on efficacy and toxicity to humans and pets.

5. Al applicators should be required to use proper eye protection
when appl yi ng di azi non by hand. Labels should warn about use of
protective equi pnent when perform ng routine maintenance or when
cl eaning up spills.

6. A panmphlet should be given to honmeowners describing the
application, advising on precautions, health effects including
synptons of adverse reactions, potential routes of exposure,
protective mneasures for young children, what to do and who to
contact in the event of a spill or other accident is recomended.
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| nput from EPA, state regulatory agencies, university extension,
and other interest groups should be solicited and the panphlet
field tested before being distributed.

7. HED recommends that consuners not be permtted to handl e highly
concentrated diazinon products intended for structural or

residential application indoors or nost outdoor uses. A single
swal low from the 25% concentrate can lead to |ife-threatening
poi sonings or deaths as evidenced by data for Poison Control

Cent ers. Al diazinon products should be in child-resistant

packagi ng because serious cases have occurred even with products
with the | owest percent active ingredient. Any products nore than
10% concentrat ed shoul d be consi dered for cancell ati on because of

the risk of fatality in children. Paint additives containing 87%
di azi non available in small container are especially hazardous and
shoul d be renoved from consuner use as soon as feasible. One way
tolimt the risk to young children is to permt only |arger size
containers that would be harder for children to pick up. For

exanpl e, certain outdoor concentrates would be permtted, but only
for containers larger than 1 quart. Such instances should be well -

justified and i nvol ve the m ni mrum percent ages of active ingredient

practical .

X. REFERENCES

AAPCC (Anerican Association of Poison Control Centers) (1987)
Interpretation of the AAPCC Data (unpublished).

AAPCC (Anerican Association of Poison Control Centers) (1988)
Criteria and certification as a Regi onal Poi son Center. Veterinary
and Human Toxi col ogy 30: 385- 387.

Ames RG, Steenland K, Jenkins B, Chrislip D, Russo J (1995) Chronic
neur ol ogi ¢ sequel ae to chol i nesterase i nhi bition anong agri cul tural
pesticide applicators. Archives of Environnental Health 50:440-
444,

Beach JR, Spurgeon A, Stephens R, Heafield T, Calvert I A Levy LS,
Harrington JM (1996) Abnormal ities on neurol ogi cal exam nation
anong sheep farnmers exposed to organophosphorous pesticides.
Cccupational and Environnental Medicine 53:520-525.

Bl ondell JM (1994a) Menorandum Review of Poison Control Center
Data Call 1In. Decenber 5, 1994. U.S. Environnental Protection
Agency, Washington, D.C



56

Bl ondell JM (1994b) Rel ationship between pesticide toxicity and
poi soning occurrence in the United States. A dissertation
submtted to George Mason University, Fairfax, Virginia.

Bl ondell JM (1996) Menorandum Review of registrant response to
acute worker risk ranking nmeeting July 20, 1995. May 30, 1996.
U.S. Environnental Protection Agency, Washington, D.C.

Bl ondel | JM (1997) Epidem ol ogy of pesticide poisonings in the
United States, wth special reference to occupational cases.
Cccupational Medicine: State of the Art Reviews 12:209-220.

CDFA (California Departnment of Food and Agriculture) (1976-1982)
Summary of Occupational 111 nesses of |ndoor Wrkers Reported by
Physicians as Being Due to Pesticides in California (reports for
the years 1975-1981 nunbered HS-298, HS-511, HS-557, HS-661, HS-
757, HS-945, HS-1039). Sacranento, California.

Coye MJ, Barnett PG Mdtling JE, Velasco AR, Ronero P, Cenents
CL, OMlley MA, Tobin MW Lowy L (1986) Cdinical confirmation of
or ganophosphate poisoning of agricultural workers. Ameri can
Journal of Industrial Medicine 10: 399-4009.

Dagli AJ, Mwos JS, Shaikh WA (1981) Acute pancreatitis as a
conplication of diazinon poisoning, a case report. Jr. Assoc.
Phys. India 29:794-795.

Ecobi chon DJ. Organophosphorus Ester Insecticides (1994) Chapter
4, pages 171-249 in Pesticides and Neurol ogi cal D seases, second
edition. Ecobichon DJ, Joy RM (eds) CRC Press, Boca Raton, LA

Edm ston S, Maddy KT (1987) Summary of illnesses and injuries
reported in California by physicians in 1986 as potentially rel ated
to pesticides. Veterinary and Human Toxi col ogy 29: 391- 397.

Engel LS, Keifer MC, Checkoway H, Robinson LR Vaughan RL (1996)
Neur ophysi ol ogi cal function in farm wrkers exposed to
or ganophosphat e pesticides. Archives of Environnental Health 53: 7-
14.

English T, Ellis EF, Ackerman J (1970) Organi c phosphat e poi soni ng.
Morbidity and Mortality Weekly Report 19: 397, 404.

Eskenazi B, Maizlish NA (1988) Effects of occupational exposure to
chem cal s on neurobehavioral functioning. In: Tarter RE, Van Thi el
DH (eds) Neuropsychol ogical Disorder in Mntal 111]ness. Pl enum
Press, New York.

Fiedler N, Kipen H Kelly-MNeil K, Fenske R (1997) Long-term use



57

of organophosphat es and neuropsychol ogi cal performance. Anerican
Journal of Industrial Medicine 32:487-496.

Gl lo MA, Lawryk NJ (1991) Organi ¢ Phosphorus Pesticides. Chap. 16
In:  Handbook of Pesticide Toxicol ogy, Volune 2, pages 1049-1053.
Hayes W Jr. and Laws ER Jr. (eds) Academ c Press, Inc. San D ego.

CGershon S, Shaw FH (1961) Psychiatric sequel ae of chronic exposure
t o organophosphorus insecticides. Lancet 1(June 24):1371-1374.

Hal | SW Baker BB (1989) Internedi ate syndrone fromorganophosphat e
poi soning (Abstract). Veterinary and Human Toxi col ogy 31: 355.

Halle A, Sloas DD (1987) Percutaneous organophosphate poi soning.
Sout hern Medi cal Journal 80:1179-1181.

Hayes W Jr. (1963) dinical Handbook on Econom c Poi sons. Public
Health Service Publication No. 476, U S. Governnent Printing
O fice, Washington, D.C

Hayes W Jr., Vaughn WK (1977) Mortality from pesticides in the
United States in 1973 and 1974. Toxi cology and Applied
Phar macol ogy 42: 235-252.

Hirshberg A, Lerman Y (1984) dinical problens in organophosphate
i nsecticide poisoning: the use of a conputerized information
system Fundanental and Applied Toxicol ogy 4: S209- S214.

Hol mes JH, Gaon MD (1957) Cbservations on acute and nultiple
exposure to antichol i nesterase agents. Transactions of the Amrerican
Clinical and C i matol ogi cal Association 68:86-1083.

Karal |l i edde L, Senanayake N (1989) Organophosphorus insecticide
poi soning. Br. J. Anaesth. 63:736-750.

Karlsen RL, Sterri S, Lyngaas S, Fonnum F (1981) Reference val ues
for erythrocyte acetylcholinesterase and plasma cholinesterase
activities in children, inplications for or ganophosphat e
intoxication. Scand. J. din. Lab. Invest. 41:301-302.

Keefe TJ, Savage EP, Weeler HW (1989) Third National Study of
Hospitalized Pesticide Poisonings inthe United States, 1977-1982.
Report to the U S. Environnmental Protection Agency. Washi ngton,
D. C

Kessler H Macek JF (1973) Nonfatal accidental organophosphate
pesticide intoxication in seven inmates of a correctional
institution. Journal of the Medical Association of the State of



58
Al abama 42: 775-781.

Kurt TL (1988) Letter to the Editor. Veterinary and Human
Toxi col ogy 30: 268- 269.

Lee HS (1989) Acute pancreatitis and organophosphate poi soning --
a case report and review. Singapore Medical Journal 30:599-601.

Levin HS, Rodnitzky RL, Mck DL (1976) Anxiety associated wth
exposure to organophosphate conmpounds. Arch. Gen. Psychiatry 33:
225-228.

Litovitz TL, Veltri JC (1985) 1984 Annual report of the Anmerican
Associ ation of Poison Control Centers National Data Collection
System  Anerican Journal of Enmergency Medicine 3:423-450.

Litovitz TL, Normann SA, Veltri JC (1986) 1985 Annual report of the
Anmerican Association of Poison Control Centers National Data
Col l ection System Anerican Journal of Energency Med. 4:427-458.

Litovitz TL, Martin TG Schmtz B (1987) 1986 Annual report of the
Anmerican Association of Poison Control Centers National Data
Coll ection System Anerican Journal of Enmergency Medicine 5:405-
445,

Litovitz TL, Schmtz BF, Matyunas N, Martin TG (1988) 1987 Annual
report of the American Association of Poison Control Centers
National Data Collection System Anerican Journal of Energency
Medi ci ne 6:479-515.

Litovitz TL, Schmtz BF, Holm KC (1989) 1988 Annual report of the
Anmerican Association of Poison Control Centers National Data
Coll ection System Anmerican Journal of Emergency Medicine 7:495-
545.

Litovitz TL, Schmtz BF, Bailey KM (1990) 1989 Annual report of the
Anmerican Association of Poison Control Centers National Data
Coll ection System Anerican Journal of Enmergency Medicine 8:394-
442.

Litovitz TL, Bailey KM Schmtz BF, Holm KC, Klein-Schwartz W
(1991) 1990 Annual report of the Anmerican Association of Poison
Control Centers National Data Collection System Anerican Journa
of Emergency Medicine 9:461-509.

Litovitz TL, Holm KC, Bailey KM Schmtz BF (1992) 1991 Annual
report of the Anmerican Association of Poison Control Centers
National Data Collection System Anerican Journal of Energency
Medi ci ne 10: 452- 505.



59

Litovitz TL, Holm KC, Cancy C, Schmtz BF, Cark LR Oderda GM
(1993) 1992 Annual report of the Anmerican Association of Poison
Control Centers Toxic Exposure Surveillance System Anerican
Journal of Enmergency Medicine 11:494-555.

Litovitz TL, dark LR Sol oway RA (1994) 1993 Annual Report of the
American Association of Poison Control Centers Toxic Exposure
Surveill ance System American Journal of Energency Medicine
12: 546- 584.

Litovitz TL, Felberg L, Soloway RA, Ford M Celler R (1995) 1994
Annual report of Poison Control Centers Toxi c Exposure Surveillance
System  Anerican Journal of Energency Medicine 13:551-597.

Lucas RM Boyle KE, Dever JA, George BJ, Jeffries CJ (1994) Draft
Final Report--Volune 1. Results of the 1993 Certified/ Conmerci al
Pesticide Applicator Survey. Research Triangle Institute No. 5748-
070, Septenber 30, 1994, Research Triangle Park, NC

Mai bach HI, Feldmann RJ, MIby TH, Serat W (1971) Regional
variation 1in percutaneous penetration in nman. Archives of
Environnmental Heal th 23:208-211

Mai zI i sh N, Schenker M Weisskopf C, Seiber J, Sanmuels S (1987) A
behavi oral eval uati on of pest control workers with short-term | ow
| evel exposure to the organophosphate diazinon. Anmerican Journal
of Industrial Medicine 12:153-172.

May G (1989) In response to Dr. Kurt's letter. Veterinary and
Human Toxi col ogy 31:18-19.

Mehl er L (1997) Table: System c cases reported to the California
Pesticide Illness Surveillance Program in which structural pest
control operators played sone role 1990-1994, i ncl usi ve.
California Departnment of Pesticide Regulation. Sacranento.

Metcal f DR, Hol nes JH (1969) EEG psychol ogical, and neurol ogi ca
alterations in humans w t h or ganophosphorus exposure. Annals of the
NY Acadeny of Sciences 160: 357- 365.

Mller CS, Mtzel HC (1995) Chemical sensitivity attributed to
pestici de exposure versus renodeling. Archives of Environnenta
Heal th 50: 119- 129.

M nton NA, Murray VSG (1988) A review of organophosphate poi soni ng.
Medi cal Toxi col ogy 3: 350- 375.

Nanba T (1971) Cholinesterase inhibition by organophosphorus
conpounds and its clinical effects. Bulletin of the World Health



60
Organi zati on 44: 289- 307.

Namba T, Nolte CT, Jackrel J, Gob D (1971) Poisoning due to
or ganophosphate insecticides: acute and chronic nmanifestations.
Ameri can Journal of Medicine 50:475-492.

O Malley (1992) Systemc Illnesses Associated with Exposure to
Mevi nphos in California, 1982-1989. California Departnent of
Pestici de Regul ati on, Sacranento, CA

Rei chert ER, Yauger W, Rashad M\, Klemmer HW (1977) D azinon
poi soning in eight nenbers of related househol ds. dinical
Toxi col ogy 11:5-11.

Richter ED, Kowalski M Leventhal A et al. (1992) Illness and
excretion of organophosphate netabolites four nonths after
househol d pest exterm nation. Arch. of Environ. Health 47: 135-138.

Rodnitzky RL, Levin HS, Mck DL (1975) Qccupational exposure to
or ganophosphat e pesticides: a neurobehavioral study. Archives of
Envi ronnmental Heal th 30: 98- 103.

Rosenstock L, Keifer M Daniell WE, McConnell R C aypoole K (1991)
Pesticide Health Effects Study G oup. Chronic central nervous
system effects of acute organophosphate pesticide intoxication.
Lancet 338:223-227.

Samal KK, Sahu CS (1990) Organophosphorus poisoning and
i nternedi ate neurotoxic syndrome. Journal of the Association of
Physi ci ans of India 38:181-182.

Savage EP, Keefe TJ, Wheel er HW(1980) Nati onal Househol d Pesti ci de
Usage Study, 1976-1977. U.S. Environnmental Protection Agency
540/ 9- 80- 002, Washi ngton, D.C.

Savage EP, Keefe TJ, Munce LM Heaton RK, Lewis JA, Burcar PJ
(1988) Chronic neurological sequelae of acute organophosphate
pestici de poisoning. Archives of Environnental Health 43: 38-45.

Sheth SG  Mahe SC, Hakim AS, WMhta PJ, Soneji SL (1995)
Or ganophosphor ous conpound poi soni ng: prol onged t herapy i n absence
of intermedi ate neurotoxi c syndrone. Journal of the Associ ation of
Physi ci ans of | ndia 43:59-60.

Sol i man SA, Sovocool GN Curley A, Ahnmed NS, El-Fiki S, El-Sebae A
(1982) Two acute human poi soning cases resulting from exposure to
diazinon transformation products in Egypt. Archives of
Envi ronmental Health 37:207-212.



61

Steenland K, Jenkins B, Anes RG O Malley M Chrislip D, Russo J
(1994) Chronic neurological sequel ae to organophosphate pesticide
poi soni ng. American Journal of Public Health 84:731-736.

Stephens R, Spurgeon A, Calvert |A Beach J, Levy LS, Berry H,
Harrington JM (1995) Neur opsychol ogi cal effects of long-term
exposure to organophosphates in sheep dip. Lancet 345 (May 6,
1995):1135-1139.

Tabershaw | R, Cooper WC (1966) Sequel ae of acute organi c phosphate
poi soni ng. Journal of GCccupational Medicine 8:5-20.

U. S. Congress, Ofice of Technol ogy Assessnent (1990) Case St udi es:
Exposure to Lead, Pesticides in Agriculture, and Organic Sol vents
in the Wirkplace. In: Neurotoxicity: |Identifying and Controlling
Poi sons of the Nervous System OTA-BA-436. (Ed: U.S. Congress,
O fice of Technol ogy Assessnent) U. S. Governnment Printing Ofice,
Washi ngton, D.C., 281-311.

U.S. CGeneral Accounting Ofice (1993) Pesticides on Farns: Limted
Capability Exists to Monitor Cccupational Illnesses and Injuries.
GAQ PEMD-94-6, U.S. General Accounting Ofice, Washington, D.C,

Veltri JC, Litovitz TL (1984) 1983 Annual report of the American
Associ ation of Poison Control Centers National Data Collection
System  Anerican Journal of Enmergency Medicine 2:420-443.

Veltri JC, McEl wee NE, Schumacher MC (1987) Interpretation and uses
of data collected in Poison Control Centers in the United States.
Medi cal Toxi col ogy 2: 389-397.

Veterinary Products Conmmttee (1996) Appraisal Panel for Hunman
Suspected Adverse Reactions to Veterinary Medicines. Veterinary
Medicines Directorate, Surrey, United Kingdom

Wagner SL, Owck DL (1994) Chronic organophosphate exposure
associated with transient hypertonia in an infant. Pedi atrics
94: 94- 97.

Wei zman Z, Sofer S (1992) Acute pancreatitis in children with
antichol i nesterase insecticide intoxication. Pedi atri cs 90: 204-
206.

VWhitnore RW Kelly JE, Reading PL (1992) National Hone and Garden
Pesticide Use Survey Final Report, Volune I. Research Triangl e
Institute RTI/5100/17-01F, Research Triangle Park, NC.

Worl d Health Organi zati on (1986) O ganophosphorus Insecticides: A
CGener al | nt roducti on. Wrld Health Organization, Ceneva.



62
Environnental Health Criteria volune 63.

Worl d Heal th Organi zation (1990) Public Health | npact of Pesticides
Used in Agriculture. Wrld Health Organi zati on, Geneva.

W ener RJ, Gnsburg CM (1988) O ganophosphate and carbanate
poi soning in infants and children. Pediatrics 81:121-126.

cc: Correspondence
Di azinon file (chem cal no. 057801)
SRRD - Benjam n Chanbliss (7508W

RDI : BRSr Sci : SHummel : 7/ 10/ 98



	I. Introduction
	II. Background
	III. Incident Data Systems
	IV. Poison Control Center Data - 1985-1992
	V. California Pesticide Illness Surveillance System
	VI. NPTN
	VII. Literature Review
	VIII. Summary and Conclusion
	IX. Recommendations
	X. References

